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J’REFACE TO THE FOUETH EDITIOX. 


The piT'sent Edition of “A Systoin of Instrudion in Qnantitalivo 
Analysis” — tlie fonrih — (“onvsponds witli the liftli in tlio (i(“nnan. 

It is a liij^ldy ;2rat ifyinui: fact lliat tlic demand for tin' Avork in England 
keeps ])ace with the raj)id ])rogress of tin* science' itself. C'onij)ar('d witli 
th(' earlier editions this is alino.st a lU'W Avork. Additions and iinjiroved 
jirooesses, incorporate'd in almost every si'ction,* have I'xtendi'd it l)y 
about loti jiages heyoud the last Edition, it l>ein^ found inijiossihh' to 
omit nnich without injury to its complctcin'.ss. IS’ot fewer than fifty m^w 
illustrative woodcuts have Ix'en introdui'cd. 

In an uiuh'i'taking so onerous as translating and accurati'ly n’ndering 
such a multijdicily of cln'inical processes, I have li'lt tin' laltor tii'id 
I’c^ponsihility to he very ^reat, and have therefore, lor the benefit of the 
Enj.f'»sh student as of my own, sought tin* co-o|)erat ion of Mr. Vaclu'r, a 
gentli'iiuin admirably (pialified i'or the duty. Mr. Vacher has had the 
advant.'ige of AVorking I’ur a consideralde time in the Wiesbaden Labo- 
ratory Avilh Dr. Fre.senius, and enjoys his full ccmlidenci'. 

The English student will, I trust, ('(pially Avith tin* (lerman, have his 
progress in analytical studies I’acilitated by the hdiors ol‘ its eminent 
Author. 

Ill till' preface to the Third Edition I succinctly descril)eil tin' claims 
and merits of this Avork as I appreheiuh'd them, and I ctmnot do better 
than reproduce the same here, not only as the expression of my own 
o})inion but the concurrent judgment of all EngliDi chemisbs. 

rKEFACE TO THE THIRL) EDITION. 

The iT'putation so long enjoyed by the tAVO Avorks of Dr. i|^'('s(;nius on 
(^I'ALiTATiA’E and Quantitative Analysi.s, lias in no dygrey abated the. 
Author s exertions to improve them, and to maintain tlleir pre-eminent 
position. 

In the preface to the former edition of the QuANTiTATivti Analysis, 
I observed : — 

“ The Author has spared no pains or labor, not merely to keep it 

Among which may be noted Mineral Waters, Black Ash, Gunpowder, Iron Ores, 
Copper Pyrites, Iron Pyrites, Zinc Ores, Cast Iron, Tannin, Soils and Manures. 
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PREFACE. 


Up to tlio improved state of the science, but to make it tlie mcdiimi o 
introducing inetliods of research iji advance of all other works. Wh 
ever has been proposed, eitlier in tins country or on the Continent 
facilitate the path of analysis, has been testexl, and, when found sc 
and practical, has been introduced in the proper place. Every doub ^ 
p5int has b(H*n rigidly subjected to repc'ated expcrinients, errors cor 
T'ccted and faidts amended, and many new processes added froni the 
Author’s ample oxperi(inc(3 in his own laboratory.” 

Among the additions there introduc<-d, the volumetrical methodg r 
determining the constituents of commertdal articles were pointed out 
particularly important for economizing time, and assisting in every w 
the pj'actical chemist. 

M’he enlirt* work has been re-cast, consideral)ly simplified, and alim/ 
re-written. New matter has been introduced to the exlieit of one-fourt\ 
of the whole volume. Many of the j)roc<*sses — the l)est the.n known, but 
rendered obsolett* by the })rogress of the science — ha ve. b(!en replaced by 
otlu'rs more certaiti, simple, and etlicient ; and this is particularly the 
case with tin; volumetrical processes. 

* Among other changes, I may specify the analytical processes fo 
clays, soils, cast iron, atmospheric air, and lead ores. 

This work on Qitantitativi: Axacvsis, although in itself complete, n" ^ 
be reganh'd as a siapud to the Author’s Qi'ALITATIVi: Axaf.ysis — a, work 
which has bt'en found of the highest valm? — nay, almost itidispensabh' — 
to the student of chemistry, whatever other books on the subject he 
may possc'ss. 

As a guidt^ to Analytical Chemistry, th(> merits of the ])resent volume 
are of the highest order. The arrangaanent is simph*, im thodical, and 
consecutive; the theoretical explanations are ap}>ropi'iate, clear, and 
intelligible; the language plain, and the directness and honesty of pur- 
pose', together Avith the just ap])rcciation of the laboi's of others dis- 
p!ay(‘d throughout, must commend it to every one engaged in studying, 
teaching, or practising Clicmistry; and I have gneat pleasure in b<‘‘gg 
the liiedium of presentiug it to the English public. 

J. LLOYD BULLOCK. 


Ihmover-street'llanover-square, W. 
Nov. 1, 1SG5. 
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INTRODUCTION. 


As we have already seen in the Introduction to my “ Qualitative Ana- 
lysis,” — to whicli the present work may be regarded as the sequel — 
Chemical Analysis comprises two branches, viz., qualitative n/nc/ys/.v, 
and quautit^tive anali/.^is, the object of the former being to ascertain 
the nature, that of the latter to determine the amount, of the several com- 
ponent })arts of any compound. 

By QUALITATIVE ANALYSTS wc convort the vnknowii constituents of a 
body into certain knoivii forms or combinations; and wc are thus enabled 
to draw correct inferences re.spccting the nature of tliesc unknown consti- 
tueiit^ Quantitative analysis attains its object, according to circumstances, 
often by very dilfercnt ways; the two methods most widely dilfering from 
each other, are atuili/sis If/ weiqht, or (jravimetric auali/sis, and u/^o/ys/s 
bij ine<isure, or volumetric analqms. 

(iuAViMKTUic ANALYSIS has for its object to convert the k'liou'n consti-* 
tuents of a substance into forms or combinations whicli will admit of the 
most exact determination of their weight, and of which, moreover, the 
comjiosition is accurately known. These new forms or combinations may 
be cither educts from the analysed sulistance, or they may be products. 
Ip the former case the ascertained weight of the eliminated substance is 
tbe direct ex[)ressioii of the amount in which it existed in the comjiound 
imder examination ; whilst in the latter case, that is, Avhen wc liave to deal 
with product. % the quantity in which the eliminated ^constituent was origi- 
Uml^ jiresent in the analysed compound, has to be deduced by calculation 
fi»i the quantity in which it exists in its new combination. 

P'he following example will serve to illustrate these points : — Suppose 
we wish to determine the quantity of mercury contained in the chloride of 
that metjil ; now, we may <lo this, either by precipitating the- metallic 
mercury Irom the solution of the chloride, say by means of protochloride 
of tin ; or we may attain our object by precipitating the solution by sul- 
phuretted hydrogen, and weighing the precipitated sulphide of mercury. 
100 parts of chloride of mercury consist of 73-82 of mercury and 2018 
of chlorine ; consequently, if the process is conducted witli ^absolute 
awuracy, the precipitition of 100 parts of chloride of mercury by proto- 
ciUoride of tin will yield 73-82 parts of metallic mercury. With equally 
^^t manipulation the other method yields 85-G34 parts of sulphide of 

jNow, in tlie former case we find the number 73-82 directly ; in the 

^r case we have to deduce it by calculation : — (100 parts of sulpliide of 
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mercury contain 8G‘207 parts of mercury; hovvmucli mercury do 85'63l 
parts contain ?) 

100: 85*G34::8G'207 : a;— a- = 73-82. 

As already hinted, it is absolutely indispens.able tliat the forms into 
which bodies are converted for the purpose of estimation by weight should 
lulfil two conditions, first, they must be cajiable of being weighed exactly, 
secondly, they must be of known composition, for it is quite obvious, on 
the one hand, that accurate quantitative analysis must be Jiltogethcr im- 
]K)Ssible if the substance the quantity of which it is intended to ascertain, 
does not admit of correct weighing; and, on the other hand, it is equally 
evident, that if we do not know the exact conq)ositioii of a new product, 
Ave lack the necessary basis of our calculation. 

Volumetric analysis is based upon a very different principle from that 
of gravimetric analysis ; viz., it effects tlie quantitative dct(M’minalion of 
a body, by converting it from a certain definite state to another equally 
definite state, by means of a fluid of accurately known power of action, 
and under circumstances which permit the analyst to mark with rigorous 
jirecision the exact point wlien the conversion is accomplished. The fol- 
loAving example will serve to illustrate the principle of this method : — 
Permanganate of pokissa added to a solution of sulphate of protoxide of 
iron, acidified Avith sulphuric acid, immediately converts the protoxide of 
iron to scs<[uioxide ; the permanganic acid, wliich is characterized by its 
intense colour, yielding iq) oxygen and changing to protoxide of manga- 
nese, Avhich combines Avith the suli)huric acid present to colorless .sul])hate 
of [)rotoxido of manganese. If, therefore, to an acidified fluid containing 
protoxide of iron, we add, drop by drop, a solution of permanganate of' 
])ot[issji, its red color continues for some time to disappear upon stirring ; 
l)ut at last a point is reached Avhen the coloration imparted to the fluid 
by the last drop added, remains: this point marks the termination of the 
conversion of the protoxide of iron to sesquioxide. 

Now, by accurately determining the strengtli or poAver of action of the 
solution of permanganate of potassa — Avhich is done simply l)y making it 
act iq>on a known quantity of protoxide of iron in solution, and correctly 
noting how much of it is required to effect the conversion of that prot- 
oxide to the stfite of sesquioxide — Ave are uoav able Avith this solution to 
determine the exact amount of protoxide of iron present in any solution, 
ff’hus, Ave Avill assump for instance, that avc have found it takes exactly 
100 parts of our solution of permanganate of potassa to oxidize 2 parts of 
protoxide of iron ; if iioav, in testing, with this standard solution of per- 
manganate of i)Ot4is.sji any solution containing an unknoAvii quantity of 
protoxide of iron we find that 100 parts of our standard fluid are required 
to oxidize the iron, we know at once that the examined fluid contained 
exactly 2 parts of })rotoxidc of iron ; if 50 parts are required, we knoAV 
that 1 part of protoxide of iron Avas present, Ac. Ac. Accordingly, by 
simply measuring the quantity used of our standard solution of perman- 
ganate of potassa, we arrive at once at an accurate knoAvledge of the amount 
of protoxide of iron. 

As the process of measuring is mostly adopted, in ju’eference to that 
of Aveighing, for determining the quantity used of the sUindard fluid, we 
give to this analytical method the name of “ analysis by measure.” It 
generally leads to the attainment of the object in vicAV Avith much greater 
exi)edition than is the case Avith analysis by Avcight. 
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To tills liricf intimation of the general jmrport and object of quantita- 
tive analysis and the gimeral mode of jirocoeding in analytical researches, 1 
have to add that certain qualiiications are essential to those who would 
devote themselves successfully to the pursuit of this liranch. These cpiali- 
fications are, 1, theoretical knowledge; 2, skill in iiianipulation ; and 8, 
Strict conscientiousness. 

The preliminary knou'ledije required consists in an acquaintance with 
qualitative analysis, the stoichiometric laws, and simple arithmetic. Thus 
prepared, we shall understand the method liy which bodies are separated 
and det(‘rniiued, and we shall be in a position to perform our cahmiations, 
by which, on the one hand, the tiirmula^ of conqiounds are deduced from 
the analytical results; and on the other hand, the correctness of the adopted 
methods is tested, ami the results obtained are controlled. To this 
must be joined the alfUitt/ of perforiniiKj the net'cssdnj proedea) 
oper(itinn,<. This axiom generally holds good for all apjdied sciences, 
but if it is true of one more than another, quantitative analysis is tliat one. 
Til e most ('xtensive and solid theoretical acipiirements will not enable us, 
for i nstanee, to d('t('rmin<! the amount of common salt j)resent in a solution, 
if wo are wphout the requisite dexterity to transfer a lliiid from one vessel 
to another without the smallest loss liy sjiirting, running down the side, iS:v.. 
The various operations of quantitative analysis demand great aptitude and 
manual skill, Avhich can be aeipiired only by practice. But even the pos- 
session ol‘ the gr('at(!st jiractical skill in manipulation, joined to a thorough 
theoretical knowledge', will still prove insuflicient to insure a successful 
pursipt of quantitative researches, unless also combined with a sincere lore 
of tenth (Did a Jinn, detenninatioii to accept none hnt thovoiajhlij conjinned 
results. 


Every one who has been engaged in quantitative analysis knows that 
cases will sometimes occur, esjiccially when commencing the study, in 
which doubts may be entertained as to wln^ther the result will turn out 
correct, or in which even the operator is posit ireli/ nmvinced that it cannot be 
piite correct. Thus, for instance, a small portion of the sub.stance under 
investigation may lie si)illed, or some of it lost by decrepitation ; or the 
analyst may have reason to doubt the acimmcy of his weighing; or it 
jtnay ha])]K‘n that two analyses of the sjiine substance do not exactly agree. 

( all such cases it is indispensable that the ojierator should be conscion- 
us ('iiough to repeat the whole process over again. He who is not 
sscssed ot this sell-command — who shirks trouble V.iere truth is at stake 
who would be siitisfied with mere assumptions and guess-work, where 
2 aUaininent of positive certJiinty is the object, must be pronounced just 
deticient in the nece.ssary qualifications for quantitative analytical re- 
irches, as ho wlio is wanting in knowledge or skill. He, thei\'foro, who 
nuot tully trust his work — who cannot swear to the corrcctne.ss of his 
suits, may indeed occupy himself with quantitative analysis’ by way of 
g^etice, but he ought on no account to publish or use his results as if 
wove positive, since such Jjrocccding could not conduce to his own 
,#tt\ antage, and would certainly be mi.schievous as regards the sciqnce. 

^ 1 le domain ot quantitative analysis may be said to extend over all 
'fatter— -that is, in other words, anything corporeal may become the 
.^wject ot quantitative inve.stigation. The present work, however, is in- 
^Bided to embrace only the substiinces used in pharmacy, arts, trades, and 
g|gri culture. ‘ ^ i 

^Quantitative analysis may be subdivided into two branches, viz., ana- 

B 2 
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lysia of mixtures^ and analysis of chemical cojnpounds. This division may 
appear at first sight of very small moment, yet it is necessary that we 
should establish and maintain it, if we would form a clear conception of 
the value and utility of quantitative research. The quantitative analysis of 
mixtures too has not the same aim as that of chemical compounds ; and 
the method applied to secure the correctness of the results in the former 
case is different from that adopted in the latter. The quantitative analysis of 
chemical compounds also rather subserves the purposes of the science, whilst 
that of mixtures belongs to the practical purposes of life. If, for instance, 
I analyse the salt of an acid, the result of the analysis will give me the 
constitution of that acid, its combining proportion, saturating capacity, &c. ; 
or, in other words, the results obtained will enable me to answer a scries 
of questions of which the solution is important for the theory of chemical 
science : but if, on the other hand, I analyse gunpowder, alloys, medi- 
cinal mixtures, ashes of plants, &c. &c., I have a very different object in 
view ; I do not want in such cases to apply the results which I may obtain 
to the solution of any theoretical question in chemistry, but I want to 
render a practical service either to the arts, and industries, or to some 
other science. If in the analysis of a chemical com})Ounc1^ I wish to 
control the results obtained, I may do this in most cases by means of cal- 
culations based on stoichiometric data, but in the case of a mixture a 
second analysis is necessiiry to confirm the correctness of the results afforded 
by the first. 

The preceding remarks clearly show the immense importance of quan- 
titative analysis. It may, indeed, be averred that chemistry owes to this 
branch its elevation to the rank of a science, since quantitative researches 
have led us to discover and determine the laws which govern the com- 
binations and trans])ositions of the elements. Stoichiometry is entirely 
based upon the results of quantitative investigations ; all rational views 
respecting the constitution of compounds rest upon them as the only safe 
and solid basis. 

Quantitative analysis, therefore, forms the strongest and most powerful 
lever for chemistry as a science, and not less so for chemistry in its appli- 
cations to the practical purposes of life, to trades, arts, manufactures, and 
likewise in its apiilication to other sciences. It teaches the mineralogist 
the true nature of minerals, and suggests to him principles and rules for 
their recognition and classification. It is an indispensable auxiliary to 
the physiologist ; anU agriculture has already derived much benefit from 
it; but far greater benefits may be predicted. Wo need not expatiate 
here upon the advantages which medicine, pharmacy, and every branch 
of industry derive, either directly or indirectly, from the practical appli- 
cation of’ its results. On the other hand, the licnefit thus bestowed by 
quantitative analysis upon the various sciences, arts, ilc., has been in 
a measure reciprocated by some of them. Thus whilst stoichiometry 
owes its establishment to quantitative analysis, the stoichiometric laws 
afford us the means of controlling the results of our analyses so accurately 
as to justify the reliance which wo now generally place on them. Again, 
whilst quantitative analysis has advanced the progress of arts and industry, 
our manufacturers in return siqiply us with the most perfect platinum-, 
glass- and porcelain vessels, and with articles of india-rubber, without 
which it would be next to impossible to conduct our analytical operations 
with the minuteness and accuracy which we have now attained. 

Although the aid which quantitative analysis thus derives from stoi- 
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cliliomctry, and the arts and manufactures, greatly facilitate its practice, 
Mid altliough many determinations are considerably abbreviated by volii- 
taetrio analysis, it must be admitted, notwithsUuiding, that the pursuit 
of this branch of chemistry requires considerable expenditure of time. 
?lttis remark applies especially to those who are commencing the study, 
they must not allow their attention to be divided upon many things 
at one time, otlierwise the accuracy of their results will be more or less 
izyured. I would therefore advise every one desirous of becoming an 
analytical cliemist, to arm himself with a considerable share of patience, 
yeminding him that it is not at one bound, but gradually, and step by 
Itep, that the student may hope to attain the iieces.sjiry certainty in his 
work, the iudispensjil)le self-reliance which can alone be founded on one's 
own results. However mechanical, protracted, and tedious, the operations 
of qu antitativc analysis may appear to be, the attainment of accuracy will 
amply compens;ito for the time and labour bestowed upon them ; whilst, 
on the other hand, nothing can l)e more dis<agreeablc than to find, ader a 
long and laborious ])rocess, that our results are incorrect or uncertiiin. 
Let him, tlierefore, who would render the study of quantitative analysis 
agreeable tojumself, from the very outset emleavor, by strict, nay, scru- 
pulous adherence to the conditions laid down, to attain correct results, 
at any siKudlice of time. I scarcely know a better and more immediate 
reward ol’ labor than that which sjadiigs from the attainment of accurate 
results and perfectly corresponding aiadyses. The satislaction enjoyed at 
the .success of our ellbrts is surely in itself a sullicient motive for the 
necess;iry expenditure of time and labor, even without looking to the 
practical bimetits which wo may derive from our operations. 

The following are the sub.stances treated of in this work:— - 

I. IMktalloids, or Non-Metallic Elements. 

O^f'Ugcn, 1I}fdro(jeii^ Sulphur, [aS'c/c?? /?/?;?-,] FhosphoruSf Chlorine, Iodine, 
Bi'oinine, Fluorine, Nitrogen, Boron, Silicon, Carbon^ 

II. Metals. 

Potassium, Sodium, \_LitJnum,'] Barium, Strontium, Calcium, Magne- 
\um, Aluminium, Chromium, [Titanium,'] Zinc, Afnmgancse, Nickel, Co- 
lU, Iron, [Uranium,] Silver, Mercurg, Lead, Copper, Bismuth, Cadmium, 
palladium,] Gold, Platinum, Tin, Antimong, Arsenic, [Molgbdenum]. 

f (The ekments enclosed within brackets are considered in supplementary 
^agraphs, and more briefly than the rest.) 


I have divided my subject into three parts. In the first, I treat of 
Uantitiitive analy.sis generally ; describing, 1st, the execution of analysis; 
ud, 2nd, the calculation of the results obtained. In the recond, I 
ive a detailed description of several special analytical processes. And 
tt the third, a number of carefully selected examples, which may 
erve as exercises for the groundwork of the study of quantitative 
nalysis. 

The following table will afford the reader a clear and definite notion 
'' tents of the whole work 
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I. GENERAL PART, 

A — Execution of Analysis. 

1. Operations. 

2. Reagents. 

.. 3. Forms and combinations in which bodies are separated from others, 
or in which their weight is determined. 

4. Determination of bodies in simple compounds. 

5. Separation of bodies. 

G. Organic elementary analysis. 

B — Calculation of the Results. 

II. SPECIAL PART. 

1. Analysis of waters, and more especially of mineral waters. 

2. Analysis of such minerals and technical products as are most fre- 
quently brouglit under the notice of the chemist ; including methods lor 
ascertaining their commercial value. 

3. Analysis of the ashes of plants. 

4. Analysis of soils. 

5. Analysis of manures. 

G. Analysis of atmospheric air. 

III. EXERCISES FOR PRACTICE, 

APPENDIX. 

1 . Analytical experiments. 

2. Tables for the calculation of analytical results. 



PART I. 


GENERAL PART. 




DIVISION 1. 


THE EXECUTION OF ANALYSIS. 


SECTION 1. 

OPERATIONS. 

§ 1 - 

Most of tlio operations performed in qtiantitative research are the same 
as in qualitative analysis, and have been accordingly described in my 
work on that branch of analytical science. With respect to such opera- 
tions I shall, therefore, confine myself here to pointing out any modifica- 
tions 'tliey may require to adapt them for application in the quantitative 
brancli ; but I shall, of course, give a full description of sucli as are 
resorted to exclusively in quantitiitive investigations. Operations forming 
, merely part of certjiiri specific processes will bo found described in the 
proj)er place, under the head of such processes. 

I. Determination of Quantity. 

§ 2 . 

The quantity of solids is usually determined by weight ; the quantity 
of gases, and fluids in many cases by measure ; upon the care and accuracy 
with which tliese operations are performed, dependsF’the value of all our 
Results ; I shall therefore dwell minutely upon them. ’ 

§3. 

1. Weighing. 

To enable us to determine with precision the correct weight of a 
3u s^'^oce, it is indispensable that we should possess, 1st, a good balance, 
and 2nd, accurate weights. 


a. The Balance. 

Fig. 1 represents a form of balance well adapted for analytical purposes, 
ere are several points respecting the construction and properties of a 
il' is absolutely pecessary for every chemist to under- 
8 n . The usefulness of this instrument depends upon two points : 1st, 
Its accuracy, and 2nd, ite sensibility or delicacy. 
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5 

The ACCURACY of a balance dcpenfls iipon the following conditions 
a. Ike fiilcmm or the point on tchich the beam rests must lie above the 
centre of gravity of the balance. 



This IS 111 fact a coinlition essential to every balance. If the fulcrum 

osc 11a e but remain u, any position in wliich it is placed, a.ssuming the 
scales to be cfiually loachid. If the fulcrum be placed below the centre of 
gravity, the balance will be overset by the slightest impulse. 

When the fulcrum is above the centre of gravity the balance represents 
a pendulum, the lengt,h of which is eipial to that of the line uniting the 
ulcrum with the centre of gravity, and this line forms right angles^with 
the beam m whatever ]K,sition the latter may be placed. Now if we 
imp.art an impeUis to a b.all suspeiideil by a thread, tlie ball, after having 
teimiiiatcd its vibrations, will invariably rest in its original perpeiidicula? 
position iiiider the point of suspension. It is the same with a properly 

tune, but It will Iiiv.-.riably return to its original position ; in other words 
mider‘‘d“ f '«ck into its perjieiidicular position 

ibd i Uof""’’ “'‘^“••-WC^tly reassume the hori- 

correctly of the force with which this is accomplished, it 
must be borne in mind that a bal.ance is not a simple penduluin but a 
conipoiind one, i.e a pendulum in which not one, but many materl l 
points move round the turning point. The inert mass to be moved 

eni Trn "if ^ r "‘'i force is 

fXrur^ aWe the 

thLIntr’^lA «n>st be on an exact level with 

the fulcum. If the fulcrum be placed below the line joining the points 
of suspension, increased loading of the scales wiU continually Li to raise 
the centre of gravity of the whole system, so as to bring^ it nearer and 

hr]hTr!rt-'‘ 7'\'"'i‘^f proves upon the sedes combining 
the relatively high-placed points of suspension ; at last, when the scales 
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have been loaded to a certain degree, the centre of gravity will shift, alto- 
gether to the lulcruni, and the balance will consequently cease to vibrate 

any further addition of weight will finally overset the beam by placing 

the centre of gravity above the fulcrum. If, on the other hand, the 
fulcrum be placed above tlic line joining the points of suspension, the 
centre of gravity will become more and more depressed in ])r(q)ortion as,, 
the loading of the scales is increased; the line of the pendulum will et)u- 
secpiently be lengthened, and a greater force Avill l)e recpiired to })roduce 
an equal turn ; in other words, the balance wdll grow less sensitive the 
greater the load. But when the three edges are in one plane increased 
loading of the scales will, indeed, continually tend to raise the centre 
of gravity towards the fulcrum, but the former can in this case never 
cntirelt/ reach the latter, and consequently the balance will never alto- 
gether cease to vibrate upon the further addition of weight, nor will its 
sensibility be lessened; on the contrary — speaking theoretically — a 
greater degree of sensibility is imparted to it. Tins increase of sensibility 
is, however, compensated for by other circumstance.s. {See § 5 .) 

y. 'J'he beam 7nust be saJlicienth/ rbjid to bear without bending the 
greatest wev/lU that the co/fsfructiott of the balance admits of ; since the 
bending of the beam would of course depress the points of suspension so 
as to [)lace them below tlie fulcrum, and this woidd, as we have just seen, 
tend to diminish the sensil)ility of tlie balance in proportion to the increase 
of the load. It is, therefore, necessary to avoid this fault by a j)roper 
construction of the beam. The form be.st adapted for beams is that of an 
isosceles obtu.se-angled triangle, or of a rhombus. 

c. The arms of the balance mast be of eqiud len.f/fh, i.e., the jioints of 
Suspension, 'must be equidistant from the fulcrum, for if the arms are of un- 
e(pial length, the balance will not be in e(pii librium su])})osing the scales 
to be loaded with c(pial weights, but there will be preponderance on the 
side of the longer arm. 

§ 5 . 

The SENSiiiiLiTV of a balance depends principally upon the three 
following conditions : — 

a. The friction of the edges upon their supjmrts must be as slight as 
possible. The greater or le.ss friction of the edges upon their su})ports 
depends upon both the form and matnnal of those parts of the bal.ance. 
The edges innst Ijc made of good steel, the su[)[)orts mag bo made of the 
isime material ; it is better, however, tliat the centre edge at least should 
rest upon an agate plane. To form a clear conception of liow necessiiry 
It IS that even the end edges should have as little friction as possible, we 
Heed simply reflect upon what would happen were we to fix the saules im- 
niuvably to the l)eam by means of rigid rods. Such a contrivance would 
at once altogether annihilate the sensibility of a balance, for if a weight Avere 
placed upon one scale, this certainly would have a tendency to sink ; but 
at the Siune time the connecting rods being comj)elled to form constiintly a 
right angle with the beam, the weiglited scjale would incline inwardw, whilst 
the other scale Avould turn outAvards, and thus the arms Avould become un- 
the shorter arm being on the side of the w'cighted scale, w hereby 
the tendency of the latter to sink would be immediately comp)en.sated for. 
f he more considerable the friction becomes at tlie end edges of' a balance, 
the more the latter approaches the state just iioav described, and conse- 
<iuently the more is its sensibility impaired. 
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p. The centre of gravity must he as near as possible to the fulcrum. 
The nearer the centre of gravity approaches the fulcrum, the shorter be- 
comes the pendulum. If we take two balls, the one suspended by a short 
and the other by a long thread, and impart the siime impetus to both, the 
former will naturally swing at a fir greater angle from its perpendicular 
• position than the latter. The same must of course happen with a balance ; 
the same weight will cause the scale upon which it is placed to turn the 
more rapidly and comj)letely, the shorter the distance between the centre 
of gravity and the fulcrum. We have seen above, tliat in a balance 
where the three edges are on a level with each other, increased loading of 
the scales will continually tend to raise the centre of gravity towards the 
fulcrum. A good balance will therefore become more delicate in propor- 
tion to the increase of weights placed upon its scales, but, on the other 
hand, its sensibility will be diminished in about the same proportion by 
the increment of the mass to l)e moved, and by the increased friction 
attendant upon the increase of load ; in other words, the delicacy of a good 
balance will remain the siime whatever may be the load placed upon it. 
The nearer the centre of gravity lies to the fulcrum, the slower are the 
oscillations of the balance. Jlence in regulating the position of the centre 
of gravity we must not go too far, for if it approaches the fulcrum too 
nearly, the operation of weighing will take too much time. 

y. The beam must be as light as possible. The remarks which we have 
just now made will likewise show how liir the weight of the beam may 
influence the sensibility of a balance. We have seen that if a balance is 
not actually to become less delicate on increased loading, it must, on the 
one hand have a tendency to become more delicate by the continual ap- 
proach of the centre of gravity to the iulcrum. Now it is evident, that 
the more considerable the weight of tlie beam is, the less will an equal 
load placed upon l)oth scales alter the centre of gravity of the whole 
system, the more slowly will the centre of gravity apjn’oach the fulcrum, 
the less will the increased friction be neutrali/ed, and consecpicntly the 
less sensibility will the balance possess. Another point to l)e taken into 
account here is, that the moving forces being ecjual, a lesser mass or 
weight is more readily moved than a greater. (§ 4 u). 

§c. 

We will now proceed, first, to give the student a few general rules to 
guide him in the purchase of a balance intended for the purposes of quan- 
titative analysis ; and, secondly, to point out the best method of testing 
the accuracy and sensibility of a balance. 

1. A* balance able to bear 70 or bO grammes in each scale, suffices for 
most pu^oses. 

2, The balance must be inclosed in a glass-case to protect it from dust. 
This case ought to be sulliciently large, and, more especially, its sides 
should not approach too near the scales. It must be constructed in a 
mannes to admit of its being opened and closed with facility, and thus to 
allow the operation of weigliing to be effected without any disturbing in- 
fluence from currents of air. Therefore, either the front part of the case 
should consist of three parts, viz., a fixed centre part and two lateral 
parts, opening like doors ; or, if the jront part liappens to be made of one 
piece, and arranged as a ^iffing-door, the two sides of the case must be 
provided each with a door. 



WEIGHING. 


13 


§ 7 .] 


3. The balance must be provided with a proper contrivance to render 
it immovable whilst the weiglits are being placed upon the scale. This is 
most commonly effected by an arrangement which enables the operator to 
lift up the beam and thus to remove the middle edge Iroin its support, 
whilst the scales remain suspended ; older contrivances fix the scales, 
Avithout raising the middle edge from its plate.* 

It is highly advisable to have the case of the balance so arranged that 
the contrivances for liffing the beam, and fixing the scales can he worked 
Avhile the case remains closed, and consequently from without. 

4. It is necessary that the balance should be provided with an index to 
mark its oscillations; this index is more appropriately placed at the 
bottom than at the side of the balance. 

0 . The balance must be provided with a pendulum, or Avith a spirit 
level, to enable the operator to place the three edges on an exactly hori- 
zoiitid level ; it is best also for this purpose that the case should rest upon 
three screws. 

G. It is very desirable tliat the beam should be graduated into tentlis, 
so as to enable the operator to weigh the milligramme and its fractions 
Avith a centigivinime “ rider.” Most modern balances are so constructetl 
tliat the position of the rider on the beam may be shifted at pleasure, and 
Avithout opening the glass case, by means of a movable arm Avhich })asses 
through the side of the case. 

7. The balance must be provided with a screAV to regulate the centre of 
gravity, and likewise Avith two screws to regulate the equality of the arms, 
and finally Avith screws to restore insUuitly the equilibrium of' the scales, 
should this have been disturbed. 


§ 7 . 

The folloAving experiments serve to test the accuracy and sensibility of 
a balance. 

1. The balance is, in the first place, accurately adjusted, if necessary, 
either by the regulating screws, or by means of tinfoil, and a milligrainine 
Aveight is then placed in one of the scales. A good and practically 
usel'ul balance must turn very distinctly Avith this AA'cight; a delicate 
chemical balance should indicate the of a milligramme Avith ijerlect 
distinctness. 


2. Both scales are loaded with the maximum Aveight the construction of 
tlie balance Avill admit of — the balance is then accurafcli/ adjusted, atid a 
milligrainine added to the Aveight in the one scale. Tliis oiiglit to cause 
the balance to turn to the same extent as in 1. In most balances, how- 
ever, it shoAvs somewhat less on the index. It follows from § b /3 that the 
balance avuU oscillate more slowly in this than in the first experiment. 

* One (if iny balances (made by the late Mechanikus lloss, of Giessen) is so arranged, 
thatAvliilst the beam is lifted up by one stop, the scales may be sufiported from beneath 
by another independent contrivance, which is worked from the side. The movable 
supports are provided at the top with cross silk bands, and move with such jierfcct 
steadiness, that the scales do not shake in the least upon the removal of the supports 
from beneath them (provided, of course, the operation be effected with some degree of 
delicacy and caution). This arrangement, besides facilitating the loading of the scales, 
affords this advantage — that it enables the operator to put an immediate stop to all 
trembling or shaking of the scales, and also the convenience that, in cases where one 
^ud the same body has to be weighed repeatedly, the weights may be left on the scale 
without risk to the balance. We find it now in almost all delicate balances. Single 
stops fixing both beam and scales by one ar.d the sati^ act (by a turn), appear to me 
practical, as the fixing of the scales upon every fresh addition of a small weight, 
whilst answering no rational purpose, itnpairs the rapidity of weighing. 
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3. The balance is accurately adjusted, (should it l)n necessary to esta- 
blish a perfect ecpiilibriuni between the scales by loading the one with a 
minute portion of tinfoil, this tinfoil must l)e left remaining U])on the 
scale during the experiment) ; both scales are then ecpially loaded, say 
with fifty grammes each, and, if necessary, the balance is again adjusted 

' (l)y the addition of small weights). The load of the two scales is then 
intereliangcd, so as to transfer that of the right scale to the left, and vice 
versa. A balance with perfectly e(jual arms must maintain its absolute 
e([uilibrium upon this interchange of the weights of the two scales. 

4. The l)alance is accurately adjusted ; it is then arrested and again sot 
in motion ; the s^ime process should be repeate<l sev(;ral times. A good 
balance must invariably reassume its original ecpiilibriuni. A balance 
the cud edges of which afford too much play to the hook resting upon 
them, so as to allow the lattcT slightly to alter its position, will show ])cr- 
ceptilile differences in dinenmt trials. This iault, however, is possilile 
only with balanc.es of defective construction. 

A balance to be practically usel'ul for the purposes of cpiantitative ana- 
lysis must stand the first, second, and last of tlu'se tests. A sliglit in- 
e([uality of the arms is id' no great consequence, as tlie error that it would 
occasion may be completely prevented by the manner of weighing. 

As the sensibility of a balance will speedily decrease if the steel edges 
are allowed to g(‘t rusty, delicate balances should never lie ke})t in the 
laboratory, but always in a separate room. It is also advisable to place 
within the case of the balance a vessel half filled with calcimnl carlionate 
of [lotassa, to keep the air dry. I think 1 need hardly add that this salt 
must be re-calcined as soon as it gets moist, 

§ 8 . 

b. Tun Weights. 

1. The Trench gramme is the best standard for calculation. A set of 

weights ranging from fifty grammes to one milligramme may be considered 
sullicient for all practical purposes. With regard to the sid, of weights, it 
is generally a matter of indifference for scientific purposes whetlier the 
grainme, its multijiles and fractions, are really and ])erfectly equal to the 
accuratidy adjusted weights of the corres|)onding denominations;* 

but it is absolutclif nece.'<sari/ that they should agree perfectlif with each 
other, /.c., the centigramme weight must be exactly the one hundredth 
part of the gramme weight of the set, v'ce. c^ c. 

2. The whole of the set of weights should bo kept in a suitable, well- 
closing^ box ; and it is desirable likewise that a distinct compartment be 
apjirojwiated to every one even of the smaller weights. 

3. As to the shape bcstada[)ted for weights, 1 thiid-: that of short frustn of 
cones inverted, with a handle at the top, the most convenient and practical 
form for the large Aveights; square pieces of foil, turned up at one corner, are 
best adaptini for the small Aveighte. The foil used for this purpose .should 
not be too thin, and the conqiartinents adajited for the reception of the 
several smaller Aveights in the box, should lie large enough to admit of their 
contents being taken out of them Avith facility, or else the smaller weights 

* Still it would be desirable that niecliaiiicians Avho make gram me- weights intended 
for the use of the chemist, should endeavor to procure normal wei;ihts. It i.s very 
iucouvenient, in many case.s, to find notable ditferences between weights of the same 
denomination, but coming from dilferent makers j as I myself have often had occasion 
to discover. 
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■will soon get cracked, bruised, and indistinct. Every one of tlio weiglits 
(with the excejition of the miHigraniine) should be distinctly marked. 

•1. With respect to the material most suitable for the manuliieturo of 
■weights, I think that, although rock crysUil is admirably adapted for 
normal weights, it is unsuited for chemical weights, as tlu*ir form would 
be inconvenient, and their j)rice too high. Platinum weights would l»(i 
sure to be universally adopted, Avere the metal not too expensive ; l)iit as 
it is, Ave commonly rest siitislied with having the smaller weights only, 
from 1 or Oo gramme doAvn wards, made of platinum foil, using brass weights 
l()r all the higher denominations. Brass weights must be carefully shielded 
from the contact of acid or other vapors, or their correctmess will bo im- 
j)aired; nor should they ever be touched with the lingers, l)Ut always with 
small })iiicers. But it is an erroneous notion to suppose that weights 
slightly Uirnished are unlit for use. It is, indeed, hardly possible to 
prevent Aveights for any very great length of time from getting slightly 
tarnished. I have carefully examined many Aveights of this descriplioii, 
and have found them as e.xactly corres])omrmg Avith one another in their 
relative proportions as they Avere Avhen first used. The tarnishing coat, or 
incrustation, i^: so extremely thin, that even a very delicate balance Avill 
generally fail to ywint out any perceptible dilference in the Aveight. It 
Avill, however, be found very advantagemus to gild the lu*ass Aveights (by 
th(‘ I'k’cfrottfpe yu'oeess) })reviously to the final adjustnnmt. 

The I'olloAving is the proper Avay of /c.s7//n/ the treh/hts : — 

One scale of a delicate balance is Nxided Avith a one-gramme Aveight, and 
the balance is then completely e(pii])oised by taring Avith small ])ieces of 
brass, and finally tinJod (not j)aper, since tins ab.sorbs moi.sture). ddio 
Aveight is then removed, and ro{)laced succe.s.dvcly by the other gramme 
Aveights, and after Avards by the same amount of Aveight in pieces of lower 
denominations. 

The Italance is carefully .scrutinized each time, and any deviation from 
the exact e(pulibrium marked. In the same Avay it is .seen Avhether the 
two-gramme piece Aveighs the same as tAvo single grammes, the fiv(j- 
grannne piece the same as three single grammes and the tAvo-gramme jiiece, 
wc. Ill the comparison of the smaller Aveights thus among themselves, 
they must not shoAV the least difrerenc(i on ;i balance turning Avith of a 
inilligramme. In com])aring the larger Aveights Avith all the small oiu'S, 
'litferences of to of a milligramme may be pa.s.sed over. If you 
'^vish them to be more accurate, you must adjust them your.self. Jn the 
furcliase of Aveights chemists ought ahvays to bear in mind that an acamrate 
"■'•‘ight is truly valualde, Avhilst an inaccurate one is ab.solutely Avorthless. 
bxperience has taught me that it is invariably the safe.st Avay for the .ana- 
lytical chemist to test every Aveight he purch.ases, no matter hoAv high the 
r^^^[>utatiou of the maker may happen to sUiid. 


§ 9 . 

c. The Process ok Weighing. 

e have tAvo different methods of determining tlie Avciglit of sub- 
‘"’tauces ; the one might be termed direct ivehjhintj^ the other is culled 
hf svbstitutioii. 

bi direct ireighiiKp the substance is placed upon one sciile, and the 
''eight upon the other. If Ave ]>os.se3s"u balance, the arm.s of Avhich are 
I’l fxjual length, and the scales in a perfect state of equilibrium, it is 
^Hdifferent upon Avhich scale the substance is placed in the several weigli- 
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ings required during an analytical process ; t.e., we may weigh upon tlie 
right or upon the left side, and change sides at pleasure, without endanger- 
ing the accuracy of our results. But if, on the contrary, the arms of our 
balance are not perfectly equal, or if the scales are not in a state of perfect 
equilibrium, we are compelled to weigh invariably upon the sjime scale, 
otherwise the correctness of our results will be more or less materially 
impaired. 

Suppose we want to weigh one gramme of a substance, and to divide 
this amount subsequently into two cqmil parts. Let us assume our 
balance to be in a state of perfect equilibrium, but with unequal arms, 
the left being 90 millimetres, the right 100 millimetres long; we place ii 
gramme weight upon the left scale, and against this, on the right scale, 
much of the substance to be weighed as will restore the equilibrium of the 
balance. 

According to the axiom, “ masses are in equilibrium upon a lever, if 
the products of their weights into their distances from the fulcrum are 
equal,” we have consequently upon the right scale O'OO gnu. of substanco, 
since 00 x LOO -- 100 x 0*00. If we now, for the purpose of weighing one 
half the (piantity, remove the whole weight from the left s^vale, substitut- 
ing a O'f) gnu. weight for it, and then take off part of the substance 
from the right scale, until the balance recovers its e([nilibrinm, there will 
remain O’ lOr) grm. ; and this is exactly the amount we have removed 
from the scale : we have consequently accomplished oiir object witli 
respect to the relative Aveight ; and, as Ave h.ave already remarked, the 
absolute Avcight is not generally of so much importance in scientific Avorh. 
But if Avo atunnpted to halve the substance Avliich Ave have on the right 
scale, l)y first removing both the weight and the substance from the 
scales, and jdacing subsequently a 0*5 grrn. Aveight upon the right scale, 
and part of the substJincc U])on the lefty until the l)alauco recoAors its 
equilibrium, aaua should have 0*505 of substance upon the left scale, sinc^ 
100 x 0*500-00 x 0*505; and cousecpiently, instead of exact halves, Ave 
should have one part of the substance amounting to 0*505, the other only 
to 0*485. 

If the scales of our balance are not in a state of absolute equilibrium, 
Ave are ol)liged to Aveigb our sul)stances in vesseds (see § 10, 5), to ensure 
accurate results (although the arms of the balance be perfectly equal). 
It is s(df-evideut that the Aveights in this case must likeAvise be invariably 
placed upon one and the sjimc scale, and that the difference betAveen the 
two scales must not undergo the slightest variation during the Avhole course 
of a series of experiments. 

From these remarks result the Iaa'O folloAving rules: — 

1. It is, under all circumsOmces, advisable to place the substance inva- 
rialdy iij^on one and the same scale — most conveniently upon the left. 

2. If the operator liappcns to possess a balance for his oavu priv.ate 
and cxclurn'c use, there is no need that he should adjust it at the com- 
mcncGuient of every analysis ; but if the balance be used in common I'V 
several persons, it is absolutely iiecessjiry to avseertain, before every operatioiu 
whether its state of absolute equilibrium may not have been disturbed. 

Weighing bg substitution yields not only re.lntivehfy but also absolute !> 
accurate results ; no matter Avhether the arms of the balance be of exactly 
equjil lengths or not, or Avhether the scales be in perfect e(tuipoise or not. 

The process is conducted as folloAVs : the material to be Aveighed — s<'iy 
a platinum crucible — is placed upon one scale, and the other scale 
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accurately counterpoised agrinst it. Tlie platinum crucible is then re- 
moved, cad tlie equilibrium ol* the balance restored by .substituting wciglits 
lor the removed crucible. It is pcrlectly obvious that the substituted 
Aveights will invarial)ly express the real weight ol* the crucible with abso- 
lute accuracy. We weigh by substitution whenever we reipiire the 
greatest possible accuracy ; as, for instance, in the determination of atomics 
weights. The process may be materially shortened by fir.st ])lacing a tare 
(which must of cour.se l)e heavier than the subst.;uice to be wmighed) u])()n 
one scale, s;iy the left, and loading the other scale with weights until 
e(piilibrium is ])roduced. This hire is always retained on the left scale. 
^'he weights after being noted are removed. The substance is placed on the 
right scale, together with the smaller weights reipiisite to re.store the ecpii- 
lil)rium of the balance. The sum of the weights added is then subtracted 
from the noted weight of the counterpoise : the remainder will at once 
indicate the absolute weight of the substance. Let us sup])ose, lor instance’, 
wo have on the left scale a tare roepiiring a weight of fifty grammes to 
counterpoise it. We place a jdatinum crucible on the right scale, and find 
that it reepiires an addition of weight to the e.xtent of 10 grammes to 
counterpoise the tare on the left. Accordingly, the crucible weighs of) 
minus 10 := 40 grammes. 

§ 10 . 

ft^he following rules will be found useful iu performing tlie process of 
weighing :~ 

1. The s«'ifest and most expeditious way of ascertaining the exact weight 
of a substance, is to avoid trying \veights at random ; instead of this, a 
strictly systematic course ought to be pursued in counterpoising substama^s 
on the balance. Sujipose, for instance, we want to weigh a crmnble, the 
weiglit of which subsequently turns out to be ()'G27 grammes; well, we 
])Iace 10 grammes on tin; other scale against it, and we find this is too 
much ; we place the weight next in succession, i.c., 5 grammes, and find 
this too little ; next 7, too much ; 0, too little ; 6*5, too little ; Cy7, too 
much ; O O, too little ; O-Or), too much ; ()‘G2, too little ; G'6d, too much ; 
C'G25, too little ; G-G27, right. 

1 have selected here, for the s;ike ‘of illustration, a most coTn])licated 
case; but I can assure the student of (|uantitJitive amdysis that this syste- 
matic way of laying on the weights will in most in.stances lead to tin’ 
desired end, in half the time required when weights are tried at random. 
After a little pjractice a few minutes Avill suffice to juscertain the weight of 
a sul)stance to Avitliin the j’,, of a milligramme, provided tlio balance does 
not oscillate too slowly. ^ 

The milligrammes and fractions of milligrammes are determined by 
a centigramme rider (to be placed on or lx.’tween the divisions* on the 
beam) far more expeditiously and conveniently than by tlie u.se of the 
weights themselves, and at the same time with eipial accuracy. 

3. Particular care and attention should be bestoAved on entering the 
weights in the book. The best Avay is to write down the weights first by 
inference from the blanks, or gaps in the Aveiglit box, and to control 
the entry subsequently by removing the weights from the scale, and re- 
placing them in their respective comjiartments in the Ixix. The student 
should from the commencement make it a rule to enter the number to be 
deducted in the lower line ; thus, in the upper line, the Aveight of the 
vrucible + the substance; in the lower hne, the Aveight of the emjity crucible. 

II. . . C 
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4. The balance ought to be arrested every time any change is contem- 
plated, such as removing weights, substituting one weight for another, &c. 
&c., or it will soon got spoiled. 

0 . Substances (except, perhaps, pieces of metal, or some other bodies of 
the kind) must never be placed directli/ upon the scales, but ought to be 
wdglied in appropriate vessels of platinum, silver, glass, porcelain, &c., 
never on paper or card, since these, being liable to attract moisture, are 
apt to alter in weight. The most common method is to weigh in the first 
instance the vessel by itself, and to introduce subsequently the substance 
into it ; to weigh again, and subtract the former weight from the latter. 
In many instiinces, and more especially where several portions of tlie same 
substance are to be weighed, the united weight of the vessel and of its 
contents is lii-st ascertained ; a portion of the contents is then shaken out, 
and the vessel weighed again ; the loss of weight expresses the amount of 
the portion taken out of the vessel. 

(). Substances liable to attract moisture from the air, must be weighed 
iuvarialdy in closed vessels (in covered crucibles, for instance, or between 
two watch-glasses, or in a closed glass tube) ; fluids are to be weighed in 
small l)Ottles closed with glass sto])pers. 

7. A vessel ought never to be weighed whilst warm, since it will in that 
case invariably weigh lighbir than it really is. This is owing to two circum- 
staueiis. In the first j)lace, every l)ody coiulcnses upon its surface a certain 
amount of air and moisture, the quantity of which depends upon the 
tem])erjiture and hygrosco])ic stjite of the air, and likewise on its own 
temperature. Now suppose a crucible has been weighed cold at the com- 
menccauent of the operation, and is subse(picntly weighed again whilst hot, 
together with the substance it contains, and the weight of which we wish 
to determine. If wo subtract for this })iuq)oso the weight of the cold 
crucible, ascertained in the former instance, from the weight found in the 
latter, we shall 8ul)tract too mucli, and conse({uently we shall set down less 
than the real weight for the substance. In the second place, bodies at a 
high tem])eratiire are eonstjintly communicating heat to the air imme- 
diately around them ; the heated air expands aiul ascends, and the denser 
and colder air, flowing towards the space which the former leaves, pro- 
duces a current which tends to raise the scale, making it thus appear 
lighter than it really is. 

8. If we suspend from the end edges of a correct l)alance respectively 
10 grammes of platinum and 10 grammes of glass, by wires of equal 
weight, the balance will assume a stJite of equilibrium ; but if we subse- 
(pieiitly immerse the platinum and glass completely in water, this cquili- 
brinin will at once cease, owing to the different specific gravity of the two 
sulistanccs ; since, as is well known, substances immersed in water lose of 
their w«4ght a quantity equal to the weight of their own bulk of water. 
If this be borne in mind, it must be obvious to every one that weighing in 
the air is likewise defective, inasmuch jis the bulk of the substiince weighed 
is not tlie same with that of tlie weight. This defect, however, is so very 
insignilicant, owing to the trifling specific gravity of the air in pro})ortion 
to tlait of solid substJiuces, that we may generally disregard it altogether 
in analytical experiments. In cfises, however, wliere absolute} >/ accurate 
result>s are required, the bulk both of the subsUince examined, and of the 
weight, must be Uiken into account, and the weight of the corresponding 
volume of air added respectively to that of the substance and of the weight, 
making thus the process equiviient to weighing in vacuo. 
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2. Measitring. 

Tlio process of measuring is confined in analytical rcsearc'lios mostly to 
gases and fluids. The method of measuring gases has heen brought to 
such perfection by Bunsen, by Kegnauet and Keiset, and also by Frank- 
LAND and Ward, that it may be said to ecpial in accuracy the method oi‘ 
weighing. However, such accurate measurements demand an expenditure 
of time and care, which can bo bestowed only on the nicest and most delicate 
scientific investigations.* 

The measuring of fluids in analytical investigations was resorted to first 
by Dkscroiziules (“ Alkalimeter,” bSOti). (bw-LiissAC materially im- 
provc'd the process, and indeed brought it to tin; highest (h'gree of jxir- 
fection (measuring of the solution of chloride of sodium in the assay of 
silver in the wet way). IVlore recently F. IMoiiRf has bestowed much 
care and ingenuity upon the jiroduction of apjiropriate and convenient 
measuring ap])aratus, and has added to our .store the eminently practical 
comprcfision stop-cock burette. Still, however much the method of ni(*a- 
suring fluids 1 ,nis been perfected, it cun neviir be expected to attain the 
accuracy of weighing. But, as the inaccuracies iidieiaait in the method 
may, in most cases, be reduced to the most harmless ])ro])ortions by 
appropriate dilution of the fluid to be measuriHl, the iirocess is now resorted 
to even in most accurate scientific investigations; since it retpi ires much 
less time than the ])rocess of weighing. 

The accuracy of all measurings depends upon the jirojier construction 
of the measuring vessels, and also upon the manner in which tlie ])rocess is 
conducted. 

§ 12 . 

a. The IMeasuring of (Jase.s. 

We use for the measuring of gases graduated tubes of greater or less 
ca])acity, made of strong glass, and c 1 o.s(h 1 by fusion at one end, which 
should be rounded. The following tubes will be found suflicient f()r all 
the proce.sses of gas meJisuring required in organic elementary analysf 'S. 

1. A bell-glass capable of liolding from loO to 250 c. c., and about i 
centimetres in diameter ; divided into cubic centimetres. 

2. Five or six glass tubes, about 12 to 15 millimetres in diameter in 
the clear, and capable of holding from 30 to 40 c. c. each, divided into | c. c. 

The sides of these tubes should be jiretty thick, otherwise they will be 
liable to break, especially when used to measure over mercury. 'I’he sides 
of the bell-glass should be about 3, of the tid)es about 2 rnillimctnis tliick. 

A detailed description of Bunsen’s method is to be found in the “ Ifandwdi-terbuc'h 
<ler Chemie,” by Liebig, Poggendorff, and Wohler, ii. 1053 (art. “ Eudiometer,” by 
Kolbe), and Bd. i. 2 Aufl. 930 (art. “Analyse, volumetrische, fiirdase,” by Kolbe and 
lO'ankland). I would also refer the student of tliis branch to the very v.-iluable mono- 
graph by Bunsen himself (“ Gasomelry,” translated by Koscoe). The methods of mea- 
suririg gjis employed by Kegnault and Keiset, and also by Frankland and Ward, differ 
from the ordinary method improved by Bunsen in the following essential particular ; in 
the former case the measuring tubes stand in cylinders filled with water, by which means 
the temperature of the gas is in a few minutes brought to that of the water, and the time 
required for a gas analysis is consequently much shortened. With Frankland and Ward’s 
apparatus the measuring of the gas is also independent of the pressure ijf the atmosphere. 
Both methods, as a matter of course, require complicated and cosily apparatuses. These 

figiired and described minutely in the alwve-mentioned article by Frankland in the 
“ Handwbrterbuch.” 

t “Lehrbuch der Titrirmethode,” by Dr. Fr. Mohr. Brunswick, 1855. 

C2 
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The most important point, however, in connection with measuring instru- 
ments is that they be correctly graduated, since upon this of course depends 
the accuracy of the results. For the method of graduating I refer to Ber- 
zelius’s “Lehrbuch der Chemie,” 4 Aiifl. Bd. 10, article “ Messen also 
to Greville Williams’ “Chemical Manipulation.” 

In testing the measuring tubes we have to consider three things. 

1. Do the divisions of a tube correspond with each other? 

2. Do the divisions of each tube correspond with those of the other 
tubes ? 

3. Do the volumes expressed by the graduation lines correspond with 
the weights used by the analyst ? 

These three questions arc answered by the following experiments : 

a. The tube which it is intended to examine is placed in a perj)endicular 
position, and filled gradually with accurately measured small quantities of 
mercury, care being taken to ascertain with the utmost precision whether 
tlie graduation of the tul)c is ])roportionate to the equal volumes of mercury 
poured in. The measuring-olf of the mercury is effected by moans of a 
small glass tube, sealed at one end, and ground perfectly even and smooth at 
the other. This tube is filled to overflowing by immersion under mercury, 
care being taken to allow no air bubbles to remain in it; the excess of 
mercury is then removed by pressing a small glass plate down on the 
smooth edge of the tube.* 

h. Different quantities of mercury are successively measured off in one 
of the smaller tubes, and then translerred into the other tubes. The 
tubes may be considered in perfect accordance with each other, if the 
mercury reaches invarialily the same divisional ])oint in every one of them. 

Such tubes as are intended simply to determine the relative volume of 
different gases, need only ])ass these two experiments; but in cases where 
we want to calculate the ireiffht of a gas from its volume^ it is necessary 
also to obtain an answer to the third question. For this })urpose — 

c. One of the tubes is accurately weighed and then filled with distilled 
water of a temporal, ure of IG® to the last mark of the graduated 
scale ; the weight of the water is then accurately determined. If the tube 
agrees with the weiglits, every 100 c. c. of water of IG® must weigh 
90’9 grin. But should it not agree, no matter whether the error lie 
in the graduation of the tube or in the adjustment of the weights, we must 
apply a correction to the volume observed before calculating the weight of 
a gas therel'rom. Let us su})pose, for instance, that we find 100 c. c. 
to weigh only 99'G grin. : assuming our weights to be correct, the c. c. of 
our scale are accordingly too small ; and to convert 100 of these c. c. into 
normal c. c. we say : — 

99-9 : 99-6:: 100 : a;. 

In gas-analysis proper by Bunsen’s methods (which are the simplest and 
most accurate) a suitable eudiometer is indispensable. Bunsen’s eudio- 
meter (see fig. 2) is a glass tube from 500 to GOO millimetres long, having 
an internal diameter of 20 millimetres, and as far as practicable of uniform 
calibre throughout, the glass not above 2 mm. thick. At the upper sealed 
end two pieces of fine platinum wire are melted into the glass in opposite 
points ; the inner ends of these wires are clinched down close to the side of 

* As warming the metal is to be carefully avoided in this proce.s8, it is advisable not 
to hold the tube with the hand in immersing it in the mercury, but to fasten it in a 
small wooden holder. 
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tlie glass, approacliing each other at the apex of the eudio- 
meter to within 1 — 2 millimetres. 

The tube is graduated into millimetre divisions by moans 
of a very ingeniously constructed divider. Tlie volumes corre- 
sponding to the several divisional lines are subseipiently deter- 
mined by measuring into the tubeeipial volumes of mercury and 
noted down in a table. This mode of dividing and adjusting 
measuring tubes is unquestionably the best. 

llesides this large eudiometer another shorter measuring tube 
(fig. 3) is required, also graduated into millimetre divisions ; 
it is slightly curved at the lower end. 

Its length is mm., its internal diameter 20 mm. ; tlie 
thickness of the glass 2 mm. 

Ill the ineitsuriiKj of yases ive must have rajard to the fol- 
lou'iihj points : — 

1. Correct reading-off. 2. The temperature of the gas. fl. The 
degree of pressure operating upon it. And 4. Tlie circum- 
sUuiee wliether it is dry or moist. The three latter points will 
be readily understood, if it be liorne in mind that any alteration 
in the temperature of a gas, or in the pressure acting iqion it, 
or in the tension of the admixed aipieous vapor, involves like- 
wise a considerable alteration in its volume. 

§ 13. 

1. CoRUt:CT KeAI)1NG-0FF. 

This is rather difficult, since mercury in a cylinder lias a 
convex surface (especially observable with a narrow tube), 
owing to its own cohesion; whilst water, on tlie other hand, 
under the same circumstances has a concave surliice, owing to 
tlie attraction which the walls of the tube exercise upon it. d'ho 
cylinder should invariably be placed in a perfectly jicrpendicular 
position, and the eye of the ojierator brought to a level with the 
surface of the lluid. The first is attiiined by the help of two 
plummets suspended at a short distance from the cylinder, and at 



a proper distance Ifom each other, or by the aid ol'auy jierpendicular 
door- or window edges that Inqipen to be conveniently situated. 
The latter is effected by pressing a small mirror firmly against 
the tube, on the opposite side, and fixing the centre of the eye on 
the mirror right across the surliice of the fluid. When the eye is 
thus placed in the right position, the mirror is removed, and the 
lieight of the fluid read off • 

Bunsen generally adopts a different method from this last, using a 
telescope placed horizontally at a distance of from four to six pacds 
horn the eudiometer, and movable in a vertical direction. This 
arrangement, Ijesides greatly facilitating the reading-off, affords, 
also, in tlie measuring of gases, this additional great advantage, that, 
as the observer is placed at a greater disUince from the measuring 
tube, expansion of tlie gas from his close vicinity to the tube 
ueed not be apprehended as in reading-off with the aid of the mirror. 

In reading-off over water, the middle of the dark zone formed 
I>y that portion of the liquid that is drawn up around tlie inner 
^alls of the tube, is assumed to be the real surface ; whilst when 



Fig. 3. 
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operatiijg with mercury, we have to place the real surface in a plane exactly 
in the middle between the highest point of the surface of the mercury, 
and the points at which the latter is in actual contoct with the wjdls of the 
tube. However, the results obtained in this way are only approximate. 

Absolutely accurate results cannot be arrived at, in measuring over 
water or any other fluid that adheres to glass. But over mercury they 
may be arrived at if the error of the meniscus be determined and the 
mercury be read off at the high(!st point. The determination of the error 
of the meniscus is performed for each tube, once for all, in the following 
manner : some mercury is poured into the tube, and its height read-oif 
right on ji level with the to[) of the convex surface exhibited by it ; a few 
drops of solution of chloride of mercury are then poured on the top of the 
metal; this causes the convexity to disappear; the height of the mercury 
in the tube is now read-olF again and the dilfcrencc noted. In the process 
of graduation, the tnbe stands upright, in that of measuring gases, it is 
placed upside down; the diHerence ob.scrved must accordingly be doubled, 
and the sum added to each volume of gas read off. 

The mercury intended to serve in the measuring of gases should be 
pure ; it must, more i^articidarly, l)e as free as possible fronn lead and tin, 
which impart to it the property of adliering to glass. Should they be 
present, they may be removed l)y keeping tlie mercury in contact for a 
day with dilute nitric acid in a shallow basin, taking care to stir frequently. 
From dust, <fec., mercury may be freed by filtration tlirough a cloth. 

Bunsen’s pneumatic, trough (fig. 4) will bo found convenient. A is a piece 
of pear- wood 310 — 350 mm. long, 80 — 80 mm. broad; the chiselled cavity 



Fig. 4. 

of the same is 240 — 250 mm. long, 50 mm. broad, and 50 mm. deep. The 
bottom of the cavity is round, except at one end, where there is a Hat 
surface 32 mm. broad, and 50 mm. long. On this a plate of vulcanized 
caoutchouc 3 mm. thick is cemented. To A the two end pieces BB m-e 
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closely joined; they arc 10 min. lliick, 100 — 110 mm. broad, and 
lf>()_-155 mm. high; they form snj)ports for .1, and also serve as ends 
to a further trough, whose sides CY/ consist of strong glass, and lit 
in grooves in J and JUJ. These jneces of glass are OlO—g-Jp 
long, and 55 mm. high. They are not quite ]>arallel ; the lowe r edges 
being 07 — 70 mm. distant from one another, the upper 85 mm. 'fho 
trough stands on the board 7)/>, to wliich it is lasteued by ihe strips ol* 
wood e e. A v('rti(;al pillar, F, screwed into />, carries the indim'd chamud 

which is covered with felt and serves to support the measuring tnlu's 
during the passing of gases, e.'cc.. ; /i is a round, slanting cut in F, sc'rving 
to receive the tube; i is an indsion in which the lower (aul of the mea- 
suring tube rests, so that it cannot fill into the lower ])art of the trough. 
For use the trough is tilled up to an inch of the top of tin; glass jilates, C (\ 
with mcrcjiry ; 30 — 35 lb. are necessary. The wooden ])art of the inside 
of the trough is rubbed, hrst moist and then dry, with mercury and 
S(»lution of chloride of mercury, in order that the metal may iidheri^ to it. 
To transfer gases which have been collected in large bottles, a similar but 
larger trough is employed. (Fuankl.vnd, /oc. c/h, p. 010; Bunsen, /or. r/b, 
1,. :!(!,) 

Last, to ditcrminc ac.curately the volume ot a gas 
collected over mercury, it is, before all things, m?- 
ces.sary that the tube be first filled comjiletely with 
mercury, to the exclusion of all air-l)ubbl(*s, ]>re- 
vious to the introduction of the gas. Y'o this end, 
the tube, having been rin.sed with water, is cleaned 
and drieil with filter paper, with the liel]) of a 
wooden rod (fig. 5), whose upper end is provided 
with 10 to *20 little ju’ojections of wire. No fila- 
ments must be left behind. The filling with mer- 
cury is effected with the aid of the funnel, tig. (1. 

This should be kept filled with the metal, and its 
tube, which is provided with a narrow exit, should 
reach to the bottom of the tube to lie filled. The 
metal thus flowing in from below jiresents a mirror- 
like surface on the sides of the glass. (Bunsen, /or, 

<■/(., p. 38.) If the operator has not such a funnel 
at his dis])()sal, he may fuse a .small funnel to a 
glass tulie drawn out at the lower end. 

§ 1C 

2. Influence of Tempehatup.e. 

The temperature of gases to be measured is deter- 
uiined either by making it correspond with that of 
the confining fluid, and ascertaining the latter, or 
by suspending a delicate thermometer by the side 
ol' the g as to be measured, and noting the degree 
which it indicates. 

If the construction of the pneumatic apparatus 
permits the total immer.sion of tlie cylinder in the 
confining fluid, uniformity of temperature between 
the latter and the gas wliich it is intended to mea- 
sure, is most readily and speedily obtained ; but in the reverse ca.se, the 
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operator must always, after every manipulation, allow half an hour or, in 
operations combined with much heating, even an entire hour to elapse, before 
proceeding to observe the state of ihe mercury in the cylinder, and in 
the thermometer. 

Proper care must also be taken, after the temperature of the gas has 
been duly adjusted, to prevent re-expansion during the reading-off ; all 
injurious inlluences in this respect must accordingly be carel’ully guarded 
against, and the operator should, more especially, avoid laying hold of 
the tube with his hand (in ])ressing it down, for instance, into the cOn- 
lining fluid); making use, instead, of a wooden holder. 

As, on account of the necessity of bringing the gas and the surrounding 
air to the s<'ime degree of heat, every sudden cliange of temperature is 
prejudicial, it is always advisalde to select for the peribrmance of gas 
analyses a sheltered room with northern aspect. 


§ 15 . 

3. Influ KNCE of Pressure. 

With regard to the third ])oint, the gas is under the actual pressure of 
the atmosphere if the confining fluid stands on an exact level both in and 
outside the cylinder; the degree of pressure exerted upon it may therefore 
at once be ascertained by consulting the barometer. But if the confining 
fluid stands hi(/her in the cylinder than outside, the gas is under less 
])ressurc, — if loiver, it is under greater pressure than tlnit of the atmo- 
sphere; in the latter case, tlie perfect level of the fluid inside and outside 
the cylinder may readily be restored by raising the tube; if the fluid 
stands higher in the cylinder than outside, the level may be restored by 
depressing the tube ; this however can only be done in cases where we 
have a trough of sufficient depth. Wlien operating over water, the level 
may in most cases 1)0 readily adjusted; when operating over mercury, it 
is, more especially with wide tubes, often im[) 0 ssible to bi’ing the fluid to 
a perfect level inside and outside the cylinder. 

In the case illustrated in fig. 7, we have the 
gas umler tlie pressure of the atmosphere, mimis 
the pressure of a column of mercury ef|ual in height 
to the line a b. 'rids pressure may be deterndned, 
therefore, by measuring the length of u b with the 
greatest ])ossible accuracy, and subtracting it from 
the actual state of the barometer. Suppose, for 
instance, the barometer stands at 758 mm., and 
the lengtli of a b vs>— 100 mm., the actual pressure 
upon the gas will be 758- 100-C58 mm. mer- 
Fig. 7. cury. 

If we have water, or some other fluid (solution 
of potassa, for instance), over the mercury, we proceed generally as if this 
were not the case ; /.c., we either place the mercury on a level inside and 
outside the cylinder, or measure the difference between the two surfaces of 
mercury. The pressure of the column of water, &c., &c., floating over the 
mercury, is mostly so trifling tliat it may safely be disregarded altogether. 
The more correct way, of course, would be to measure the height of the 
column of water, &c., to reduce this to'- mercury, and to subtract the result 
from the actual state of the barometer. But this correction may usually 
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3 e omitted, since, as has already been stated, absolutely correct measuring 
£ impossible under such circumstances. 

§ 16 . 

4. Influp:nce of Moistuhe. 

In measuring gases siiturated with aqueous vapor, it must be taken 
Into account that the vajior, by virtue ol’ its tension, exerts a pressure upon 
the contining fluid. Tlie neces.s;iry correction is simple, since we know 
lie respective tension of aqueous vapor for the various degrees of tempe- 
ature. But before this correction can beap])licd, it is, of course, necessary 
hat the gas should be Jictually saturated with the vapor. It is, therel'ore, 
iidispcnsable in measuring gases to t;ike care to have the gas thoroughly 
saturated with aqueous vajior, or else alisolutely dry. 

The drying of gases confined over mercury is effected by means of a 
ball of fused chloride of calcium, stuck on a jilatinum wire; this is ])re- 
pared liy inserting the wire, Inait at the lower end in form of a hook, into 
a jiistol-bullet mould of about 0 mm. inner diameter, and then filling the 
hollow with chloride of calcium heated just to the liising point, (free from 
caustic lime.) , The neck sticking to the ball is, after cooling, removed Avith a 
knife>When it is intended to dry a gas, this ball is, with the aid of the wire, 
pushed through the mercury into the gas ; after having been left there for an 
hour or so, the ball is Avithdrawn, the gas being noAV perfectly dry. Whilst 
the ball remains in contiict Avitli the gas, the end of the wire must bo kej)t 
bcloAV the surface of the mercury in the trough, since otherAvise avo should 
inevitably have diffusion of the confined gas and the outer air, at that 
jiart of the Avire Avhich is not covered by the mercury. 

Where it can be done, it is more convenient to measure gases in the 
moist condition. Buxsen effects their sjituration Avith moi.sture by intro- 
ducing a glass rod Avilh a dro])let of Avater the size of a lentil adhering to 
it, into tlie empty measuring cylinder and casting the Avater off in the top, 
Avithout Avetting any other jiortion of the tube. The (piantity of Avater 
thus introduced into the cylinder is more than siifllcicnt, at the common 
temperature, to saturate Avith aqueous vapor the gas subseipicntly passed 
into the cylinder. 

It is quite obvious from the precceling remarks, that volumes of gases 
can be compared only if measured at the same temperature, under the 
.same pressure, and in the .same hygroscopic .state. They are generally 
reduced to 0'^, Owd met. barometer, and absolute dryne.ss. How this is 
elleeted, as Avell as the maimer in Avhieh we deduce the Aveight of ga.ses from 
their volume, Avill be found in the chapter on the calculation of analyses. 

§ 17 . 

b. The Measuiung of Fluiixs. 

In consequence of the va.st development which volumetric analysis has 
of late acquired, the measuring of fluids has Viecoine an operation of very 
frequent occurrence. According to the different objects in view, various 
kinds of measuring ve.s.sels are emjiloyed. The number of tho.se that liave 
6een proposed has indeed now increased to .such an extent, that I must 
lorbear discussing all the forms and arrangements recommended, and 
simply confine myself to the description of such measuring apparatus as 1 
have found the most practical and convenient in iny own laboratory . 
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Before entering into details, I have to observe that the operator must, 
in the case of every measuring vessel, carefully distinguish whether it is 
graduated for lioldinff or for delivering tlie exact number of c. c. marked 
on it. If you have made use of a vessel of tlie former description in 
measuring off 100 c. c. of a Iluid, and wish to transfer the latter completely 
to another vessel, you must, after emptying your measuring vessel, rinse 
it, and add the rinsings to the fluid transferred; whereas, if you have 
made use of a measuring vessel of the latter description, tliere must be no 
rinsing. 

a . Measuring vessels graduated for holding the exact measure 

OF FLUID MARKED ON THEM. 

aa. Measuring vessels which serve to measure out one definite quant it jj 
of fluid. 

We use for this purpose — 

:§ 18 - 

1. Measuring Flash. 

Fig. 8 represents a measuring flask of the most prao- 
ticjd and convenient form. 

Measuring flasks of various sizes are sold in the 
shops, holding respectively 200, 250, 500, 1000, 
2000, dec. c. c. As a general rule, they have no 
ground-glass stoppers; it is, however, very desirable, 
in certain cases, to have measuring flasks with ground 
sto])pers. The flasks must be made of well-annealed 
glass of uniform thickness, so that fluids may be heated 
in them. The line-mark should be placed within the 
lower third, or at least within the lower half, of the 
neck. 

Measuring flasks, before they can properly be em- 
ployed in analytical operations, must first be carc- 
fiilly tested. The best and simplest Avay of effecting 
this is to proceed thus : — Put the flask, perfectly dry 
inside and outside, on the one scale of a sufHciently 
delicate balance, together with a Aveiglit of 1000 grm. in the case of a litre 
flask, 500 grin, in the case of a half-litre flask, dire., ^restore the equilibrium 
by jilacing the requisite quantity of shot and tinfoil on the other scale, 
tlien remove the flask and the Avcight from the balance, put the flask on a 
perfectly level surfiice, and pour in distilled Avater of until the 

* To. use water in the state of its higliest density, viz., of 4°, 1 c. c. of whid> 
weighs exactly 1 grm., and, accordingly, 1 litre, exactly 1000 grnis., is less practical, 
as the operations must in that case be conducted in a room as cf)ld ; since, in a warnitr 
room, the outside of the flask would immediately become covered with moisture, in 
consequence of the air cooling below dew-point. Nor can I recommend F. Mohr’s 
suggestion to make litre-fljisks, and measuring vessels in general, upon a plan to make 
the litre-flask, for instance, hold, not 1000 grm. water at 4°, but 1000 grm. at 
16®, since in an arrangement of the kind proper regard is not paid to the actual 
meaning of the terra “ litre” in the scientific world ; and measuring-vessels of the sam*^ 
nominal capacity, made by different instrument-makers, are thus liable to differ to a 
greater or less extent. One litre-flask, according to Mohr, holds 1001 '2 standard c. c- 
1 consider it impractical to give to the c. c. another signification in vessels intended for 
measuring fluids than in vessels used for f.he measuring of gases, which latter demaml 
strict adhesion to the standard c. c., as it is often required to deduce the weight of 
gas by calculating from the volume. 





Fig- 8- 
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lower border of the dark zone formed by the top of the water around 
the inner Avails corresponds with tlie line-mark. After having ihoronghly 
dried the neck of the flask above the mark, replace it upon the scale : if 
tliis restores the perfect equilibrium of the balance, the Avater in the llask 
Aveighs, in the case of a litre-measure, exactly 1000 grm. If the scale 
bearing the flask sinks, the Avater in it Aveighs as much above 1000 grin, 
as the additional Aveights amount to Avhich you liave to put in the otlu'r 
scale to restore the equilibrium ; if it rises, on the other liand, the Avaler 
Aveiglis as much less as the Aveights amount to Avhich you have to put in 
tJie scale Avith the flask to effect the siime end. 

If the Avater in the litre- measure Aveighs 909 grm.,* in the half-litre 
measure, 499’5 grm., &c., the mea.suring flasks are correct. Dillerencos 
up to 0-100 gnu. in the litre measure, up to 0-070 grm. in the hall-litre 
measure, and up to 0-050 grm. in the quarter-litre measuri', are not taken 
into account, as one and the same measuring flask Avill be found to 
offer variation to the extent indicated, in repeated consecutive Aveighings, 
though filled each time exactly up to the mark Avitli Avater of the same 
temperature. 

Though a .flask should, upon examination, turn out not to hold the 
exact quantity of Avater Avhich it is stated to contain, it may yet possibly 
agree with the other measuring vessels, and may accordingly still be ])er- 
fcctly fit for use for most purposes. Tavo measuring vesseds agna* among 
themselvegtjf the marked Nos. of c. c. bear the same proportion to each 
other as tlie weights found ; thus, for instance, suppo.sing your litre-measure 
to hold 998 grm. Avatcr of 10°, and your 50 c. c. ])ij)ettc to (hdiver 
‘19-9 grm. Avater of the same temperature, the tAvo measures agree, since 

1000 : 50-998 : 49-9. 

To prepare or correct a measuring flask, tare the dry litre, half-litre, or 
quarter-litre flask, and then Aveigh into it, by substitution (§ 9) 999 grm., 
<jr, as the case may be, the luilf or quarter of that (piantity of distilled 
Avater of lO"". Put the flask on a {perfectly horizontal suj)port, place your 
eye on an exact level Avith the surface of the Avatcr, and mark the lower 
border of the dark zone by tAvo little dots made on the glass Avith a ])oint 
dipped into thick asphaltum varnish, or some other substance of the kind. 
Noav pour out the Avater, place the flask in a convenient ])osition, and 
cut Avith a diamond a fine distinct line into the glass from one dot to the 
other. 

Measuring flasks are occasionally also graduated for delivering; these, 
liOAvever, can properly be used only in less accurate measurings, since tlie 
amount of Avater remaining adherent to the glass inside the flask varies 
uot inconsiderably, Avhich may give rise to perceptible differences in the 
results of several measurements Avith one and the same flask. If you wisli 
to graduate a flask for delivering, or to test one so graduated, i>our water 
into it, empty it again, let it drain, and then weigh into it the exact Aveight 
of distilled water of 16 ° corresponding to the number of c. c. Avhich 
the flask is stated or required to deliver. 

^b. Measuring vessels ivhich serve to measure out ang quantities oj 
pad at will. 


With absolute accuracy, 998-981 grm. 
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§ 19 . 



2. The Graduated Cylinder. 

This instrument, represented in fig. 9, should be from 2 
to 3 cm. wide, of a capacity of 100 — 300 c. c., and divided 
into single c. c. It must l)e ground at the toj), that it may 
be covered (piite close with a ground-glass plate. The 
measuring with such cylinders is not quite so accurate as 
with measuring flasks, as in the latter the volume is read 
off in a narrower part. The accuracy of measuring cylin- 
ders may be tested in the same way as in the case of mea- 
suring llasks, viz., by weighing into them water of 
or, also, very well, by letting definite quantities of fiuid 
flow into the cylinder from a correct pipette or burette 
graduated for delivering, and observing whether or not they 
are correctly indicated by the scale of the cylinder. 

/I. Measuring vessels graduated for delivering tiik 

EXACT MEASURE OF FLUID MARKED ON THEM (graduated a 
l\k;oulement). 


on, MeasHmuj vessels ichich serve to measure out one dejl^te quantitji 
of Jluid. 

§ 20 . 


3. 7'he Graduated Pipette. 

This instrument siTves to take out a delinite volume of a fluid from 
one vessel, and to transfer it to another ; it must accordingly bo oi‘ a suit- 
able shape to admit of its being li’eely inserted into flasks and bottles. 

We use pipettes of 1, 5, 10, 20, 50, 100, 150, and 200 c. c. capacity. The 
proper shape fur pipettes iq) to 20 c. c. capacity is represented in lig. 10; 
fig. 1 1 shows the most jiractical form for larger ones. To fill a pipette 
suction is applied to the upper aperture, either directly with the lips or 
through a caoutchouc-tube, until the fluid stands above the mark ; the 
up})cr orifice (which is somewhat narrowed and ground) is then closed 
with the first finger of the right hand (the iioint of which should be a 
little moist) ; the outside is then wiped dry, if required, and, the pipette 
being held in a perfectly vertical direction, the fluid is made to drop out, 
by liiling the finger a little, till it has fallen to the required level ; the 
loose drop is carefully wiped ofl* and the contents of the tube are then 
finally transferred to the other vessel. In this process it is found that the 
fluid does not run out comjfletely, but that a small portion of it remains 
adhering to the glass in the point of the pipette ; after a time, as this be- 
comes increased by other minute particles of fluid trickling down from 
the upper })art of the tube, a drop gathers at the lower orifice, which may 
1)0 allowed to fidl off from its own weight, or may be made to drop off by 
a slight shake. If, after this, the point of the pipette be laid against a 
moist portion of the inner side of the vessel, another minute portion ot 
fluid will trickle out, and, lastly, another trifling droplet or so may be gnt 
out by blowing into the pipette. Now, supposing the operator followa 
no fixed rule in this respect, letting the fluid, for instance, in one opera- 
tion simply run out, whilst in another operation he lets it drain afterwards, 
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ind in a third blows out the last particles of it from the pipette, it is evi- 
3cnt that the respective quantities of fluid delivered in the several opera- 
aoiis cannot be quite ecpial. I prefer in all cases the second method, viz., 
lay the point of the pipette, whilst draining, finally against a moist 
portion of the side of the vessel, wliich I have always found to give the 
most accurately corresponding measurements. 

The correctness of a pipette is tested by filling it up to the mark with 
distilled water of 16°, letting the water run out, in the manner ju.^t 
plated, into a tared vessel, and weighing ; the pipette may be pronounced 
correct if 100 c. c. of water of 16° weigh 90*1) grin. 

Testing in like manner the accuracy 


of the measurements made with a sinqile 
hand pipette, Ave find that one and the 
s;ime pipette Avill in repeated consecutive 
weighings of the contents, though filled 
and emptied each time with the minutest 
care, show differences up to 0-010 grin, 
for 10 c. c. capacity, up to 0-040 grm. 
tor 50 c. c. capacity. 

The accuracy of the measurements 
made with a pipette may be heiglitened 
by giving the instrument the form and 
constructiqfchown in fig. 12, and fixing 
it to a holder. 

It will be seen from the drawing that 
tliesc pipettes are cmjiticd only to a cer- 
tain mark in the lower tube, and that 
they are provided with a cojnpressioti 
Mop-cock^ a contrivance which we shall 
have occasion to describe in dehiil when 
on the subject of burette.s. This con- 
trivance reduces the differences of mea- 
surements with one and the siime 50 c. c. 
pipette to 0-005 grm. 

Pipettes are used more especially in 
cases where it is intended to estimate 
different constituents of a substance in 
separate portions of the same: for in- 
stance, 10 grm. of the sub.starice under 
examination are dissolved in a 250 c. c. 
flask, the solution is diluted up to the 
mark, shaken, and 2, 3, or 4 several 
portions are then taken out with a 50 c.c. 
pipette. Each portion consists of J part 
of the whole, and accordingly contains 
^ grm. of the substance. Of course the 



Fig. 10. 



Fig. 11. 



F.g. 12. 


pq>ette and the flask must be in perfect 

harmony. Whether they are may be ascertained by, for instance, empty- 
ing the 50 c. c. pipette 5 times into the 250 c. c. flask, and oliserving 
il tlie lower edge of the dark zone of fluid coincides with the mark. If it 
does not, you may make a fresh mark, Avhich, no matter whether it is really 
correct or not, will bring the two instruments in question into conformity 
^ith each other. 
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Cylindrical pipettes, graduated tliroughout their entire length, may be 
used also to measure out any given quantities of liquid ; however, these 
instruments can properly be employed only in processes where minute 
accuracy is not indispensable, as the limits of error in reading olf 
the divisions in the wider part of the tube are not inconsiderable. For 
smaller quantities of liquid this inaccuracy may be avoided, by making 
the pipettes of tubes of uniform width, luiving a small diameter only, and 
narrowed at both ends. (Fr. Mohr’s measuring pipettes.) 

When a fluid runs out of a pipette, drops sometimes remain here and 
there adhering to the tube ; this arises from a film of fat on the inside ; 
it may be removed by keeping the instrument some time filled with a 
solution of bichromate of potassii mixed with sulphuric acid. 

hh. Measuring vessels ivhich serve to measure out quantities of fluid at 

4. The Burette. 

Of the various forms 
and dispositions of this 
instrument, the follow- 
ing appear to me the 
most convenient : — 

§ 11 - 

I. d/e/?* Burette^ 
(Compression cock bu- 
rette.) 

For this excellent 
measuring apparatus, 
which is represented 
in fig. 13, we are in- 
debted to Fr. Mohh. 
It consists of a cylin- 
drical tube, narro\ver 
towards the lower end 
for about an inch, with 
a slight widening, how- 
ever, at the extreme 
point, in order that the 
caoutchouc connector 
may take a firmer hold. 
I only use burettes of 
two sizes, viz. , of 30 c.c., 
divided into c. c. ; 
and of 50 c. c., divided 
into ^ c. c. The former 
I employ principally 
in scientific, the latter 
chiefly in technical 
investigations. The 
jijg usual length of my 30 

c. c. burette is about 

50 cm. ; the graduated portion occupies about 43 cm. The diameter of the 
tube is accordingly about 10 mm. in the clear ; the upper orifice is, for 
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the convenience of filling, widened in form of a funnel, measuring 20 mm. 
in diameter ; the widtli of the lower orifice is 5 mm. For very delicate 
processes, the length of the graduated portion may be extended to 50 or 
52 cm., leaving thus intervals of nearly 2 mm. between the small divi- 
sional lines. In my 50 c. c. burettes the graduated portion of the tube is 
generally 40 cm. long. 

To make the instrument ready for use, the narrowed lower end of the 
tube is warmed a little, and greased with tallow ; a caoutchouc tube, about 
30 mm. long, and having a diameter of 3 mm. in the clear, is then drawn 
over it ; into the other end of this is inserted a tube of pretty thick glass, 
about 40 rnm. long, and drawn out to a tolerably fine point ; it is advisjible 
to slightly widen the upper end of this tube also, and to cover it with a thin 
coat of tallow ; and also to tie linen-thread, or twine, round both ends of 
the connector, to insure perfect tightness. 

The space between the lower 
orifice of the burette and the 
upper orifice of the small deli- 
very tube should be about 15 
mm. The india-rubber tube is 
now pressed together between the 
ends of the tubes by the compres- 
sion-cock (or clip). This latter in- 
strument istisually made out of 

brass wire; the form represented yw . 14. 

in fig. 14 was given by Moim. 



A good clip must pinch so tight 
that not a particle of fluid can make 
its way through the connector when 
compressed by it ; it must be so con- 
structed that the analyst may work it 
with perfect facility and exactness, so 
to regulate the outflow of the liquid 
with the most rigorous accuracy, by 
bringing a higher or less degree of 
pressure to bear upon it. 

Monii* has lately devised also very 
practical clamps made of glass (or 
horn) and caoutchouc, which I can 
highly recommend. 

Figs. 15 and 10 show the construc- 
tion of these clamps; they are so 
simple that anybody may easily make 
them according to Menu’s instructions, 
which I will give hero in his own 
Words : — 

“ Bend two pieces of flat tliermo- 
ineter tubing from 80 to 90 mm. long, 
in a very obtuse angle, place between 
them, ill the middle, a piece of cork, 
nboiit 1^ or 2 mm. thick, and put a 
Caoutchouc ring, cut off from a some- 



Fig. 16. 


Mohr’s ‘^Lehrbuch der Titiirniethode,” addenda, p. 344. 
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wliat wide india-rubber tube, over the part enclosing the cork. Put the 
little caoutchouc tube of the burette between the two glass tul)es, press 
the points together, and push another india-rubber ring over the tubes. 
These two rings serve to keep the elastic tube of the burette tightly 
compressed. By pressing on the divergent ends of the glass rods, the 
i.'lastic bands are stretched asunder, and the elastic tube being thus partly 
relieved from the compression exerted by them, allows the liquid to drop 
through the delivery tube ; when the pressure on the ends of the tube 
ceases, the elastic bands, recovering their original tightness, close the con- 
nector again.” 

For supporting IVIoiiu’s burettes, I use the holder represented in fig. 13; 
this instrument, whilst securely confining the tube, permits its being moved 

up and down with perfect freedom, 
and also its being taken out, without 
interfering with the com])rcssion 
coc.k. The position of the bu- 
rette must be strictly perpendicular, 
to insure which, care must be taken 
to have the grooves of the cork 
lining, which are intended to re- 
ceive the tube, perfectly vertical, 
witli the lower board of the stand 
in a horizontal position. I now 
have the arm bearing the tubes 
made movable round the upright, 
so that fir.st one burette and then 
tlie other may be used with ease. 
A .screw (which is wanting in the 
figure) serves to fix the arm if re- 
quired. A similar holder, with 
.screw - clamp, is represented in 
fig. 17. , 

To charge the burette for a volu- 
metrical operation, the point of the 
instrument is immersed in the li- 
quid, the compression-cock opened, 
and a little liquid, sufficient at least 
to reach into the burette tube, 
sucked up by applying the mouth 
to the upper end ; the cock is then 
closed, and the liquid poured into 
the burette until it reaches up to 
a little above the top mark. The 
Fig. 17. burette having, if required, been 

duly adjusted in the proper vertical 
position, the liquid is allowed to drop out to the exact level of the top 
mark. The instrument is now ready for use. When as much liquid 
has flowed out as is required to attain the desired object, the analyst, be- 
fore proceeding to read off the volume used, has to wait a few minutes, to 
give the particles of fluid adhering to the sides of the emptied portion ot 
the tube proper time to run down. This is an indispensiible part of the 
operation in accurate measurements, since, if neglected, an experiment in 
which the standard liquid in the burette is added slowly to the fluid under 
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examination (i-n which, accordingly, the minnte particles of fluid adhering 
to the glass have proper time afforded them during the operation itself to 
run down), will, of course, give slightly different results from those 
arrived at in another experiment, where the larger portion of the 
standard fluid is applied rapidly, and the last few drops alone are added 
slowly. 

The way in which the reading-off is effected, is a matter of great im- 
portnnee in volumetric analysis ; the first re(piisite is to bring the eye to 
a level with the top of the fluid. We mu.st consequently settle the question 
— What is to be considered the top ? 

If you hold a burette^ partly filled with water, between the eye and a 
strongly illumined wall, the suriace of the fluid presents the appearance 
shown in fig. 18 ; if you hold close behind the tube a sheet of white paper, 
with a strong light falling on it, the surface of the fluid presents the appear^ 
ance shown in fig. 19. 

In the one as well as in the other case, you have to read off at the lower 
border of the dark zone, this being the most distinctly marked line. Fm 
Mohr recommends the following device for reading-off : — Paste on a sheet 
of very white paper a broad strip of blac^k paper, and, when reading-off, 
hold this close behind the burette, in a position to place the border line 
between white and black from 2 to 8 mm. below the lower border of the 
dark zone, as shown in fig. 20 ; read-ofF at the lower border of the dark 
zone. 


IjpLj; i 



Fig. 18. Fig. 19, Fig. 20. 

Great care must be taken to hold the paper invariably in the same posi- 
bon, since, if it be held lower down, the lower border of the black zone 
^ill move higher up. 

I do not myself read-off in this manner, but I prefer to read-off in a 
hght which causes the appearance represented in fig. 18. 

% the use of Erdm.\nn’s float* all uncertainties in reading-off may be 
3’Voided. Fig. 21 represents a burette thus provided. In this case we 


II. 


Journ. f. prakt. Chem. 71, 191. 
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always read off the degree of the burette which coincides with the circle 
in tlie middle of the float. The float must be so fitted to the width of the 
burette that when placed in the filled burette, it will, 
on allowing the fluid to run out gradually, sink down 
with the same without wavering, and when it has been 
pressed down into the fluid of the closed burette, it will 
slowly rise again. The weight of the float must, if ne- 
cessary, be so regulated by mercury that when placed 
in the filled tube it may cut the fluid with its top uni- 
jormly all round. A further important condition of 
tlie float is that its axis should coincide as nearly as 
]) 0 ssiblc with that of the Imrette tube, so that the 
division-mark on the burette may be always parallel 
with the circular line on the float. 

The correctness of the graduation of a burette is 
tested in the most simple way, as follows : fill the in- 
strument up to the highest division with water of 
10®, then let 10 c. c. of the liquid flow out into an 
accurately W'cighed flask, and weigh ; then let another 
quantity of 10 c. c. flow out, and weigh again, and repeat 
the operation until the contents of the burette are 
exhausted. If the instrument is correctly ^aduated, 
every 10 c. c. of water of 16° must weigh O'ODO 
grm. Differences up to 0*010 grin, may be disre- 
garded, since even with the greatest care bestowed on 
the process of reading- off, deviations to 
that extent will occur in repeated mea- 
surements of the uppermost 10 c. c. of one 
and the same burette. With the float- 
Fig. 21. burettes the weighings agree much more 
accurately, and the differences for 1 0 c. c. 
do not exceed 0*002 grm. 

Mohr’s burette is unquestionably the best and most con- 
venient instrument of the kind, and ought to be employed 
in the measurement of all liquids which are not injuriously 
affected by cont^ict with caoutchouc. Of the standard solu- 
tions used at present in volumetric analysis, that of per- 
manganate of potassa alone cannot bear contact with caout- 
chouc. Analysts desiring to graduate their own burettes I 
refer to Scheibler.* 

§ 22 . 

II. Gay-Lussac’s Burette. 

Fig. 22 represents this instrument in, as I believe, its 
most practical form. 

I make use of two sizes, one of 50 c. c., divided into 
I c. c., the other of 30 c. c. divided into c. c. The 
former is about 33 cm. long ; the graduated portion occu- 
pies about 25 cm. ; the internal diameter of the wide tube 
measures 15 mm.; that of the narrow tube 4 mm., which 
in the upper bent end gradually decreases to 2 mm. The Fig. 22. 

* Journ. f. prakt. Chern. 76, 177. 
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(vracliiated portion of the smaller burette is about 28 cm. long, and has 
accordingly an internal diameter of about 11 mm. 

When operating with a burette of this construction, I hold the instru- 
ment with the left hand, letting the bottom part lean a little against the 
chest. This way of handling the instrument gives the operator the most 
perfect control over it, and enables him to regulate at will the outflow of 
the liquid ; the operation may be fiicilitated also by giving the burette, 
from time to time, a slight turn round its longitudinal axis, thereby placing 
the spout alternately in a more vertical, and a more horizontal, position. 
As a general rule, I never let the liquid run back in the narrow tube, in 
the course of an experiment, since the air-bubble enclosed between tlio 
fluid in the burette and the drop adhering to the mouth of the spout, 
makes it generally a task of some difliculty to renew the outflow of tlio 
liquid. 

The stand which I make use of to rest my burettes in, consists of a disk 
of solid wood, from 5 to 0 cm. high, and from 10 to 12 cm. in diameter, 
with holes made with the auger and chisel, of proper size to receive 
the bottom part of the burettes. This arrangement seems to me more 
convenient than the common method of cementing the burette in a wooden 
foot. 

To overcome the difficulty of renewing the outflow of the liquid, which 
is always experienced when, during the temporary cessation of the process, 
air has been enclosed between the liquid in the burette and the drop ad- 
hering to the mouth of the spout, Monn suggests the use of a j)crforate(l 
cork, bearing a short glass tube bent at a right angle. The cork 
being inserted into the mouth of the wide tube, a piece of caoutchouc 
is drawn over the short glass tube ; by blowing into this with greater 
or less force, the outflow of the liquid from the spout of the slightly slanting 
burette may be regulated at pleasure. Instead of blowing with the mouth 
a caoutchouc balloon may be used. This conkiins a small round opening 
by which air enters, and which is closed by the finger during compression. 
(IIerve-Mangon.*) 

The reading-off of the height of the liquid is effected in the same way 
as explained in § 21. I prefer, however, placing the burette firmly against 
a perpendicular ])artition, eitlier a strongly illumined door, or the pane of 
a window, to insure the vertical position of the instrument, It is only 
when operating with more highly concentrated, and accordingly opaque 
solutions of permanganate of pokissa, that the method of reading oft re- 
quires modification ; in that case, the upper border of the liquid is noted ; 
and the best way is to place the burette against a white background, and 
read off by reflected light. 

The correctness of the graduation of Gay-Lussac’s burettes is tested in 
the same way as that of Mouii’s burettes. 


§ 23 . 

III. Geissler's Burette, 

In this instrument, which is represented in fig. 23, the narrow tube is 
P aced inside the vride tube instead of outside, as in Gay-Lussac’s burette, 
f he part of the inner tube projecting beyond the wide tube is thick in the 


u2 


R^p. chira. appliqu4e, 1, 68 ; fig. 98, 
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glass ; whilst the part inside, which is of the same inside width, is made of 
very thin glass. 

This is a very convenient instrument, and less liable 
to fracture than Gay-Lussac^S burette. I am very 
fond of working with it. 

For the method of reading-off and testing the cor- 
rectness of the instrument, I refer to §§ 21 and 22. 

II. Preliminary Operations. — Preparation or 
Substances for the Processes of Quantita- 
tive Analysis. 

§ 24. 

1. The Selection of the Sample. 

Before the analyst proceeds to make the quantita- 
tive analysis of a body, he cannot too carefully con- 
sider whether the desired result is fully attained if ho 
simply knows the respective quantity of every indivi- 
dual constituent of that body. This primary point is 
but too freijuently disregarded, and thus false impres- 
sions are made, even l)y the most careful analysis, 
Tliis remark api)lios both to scientific and to technical 
investigations. 

Therefore, if you have to determine the constitu- 
tion of a mineral, take the greatest possible care to 
remove in the first place every particle of gtingue, and 
disseminated iirqmrities ; remove any adherent matter 
by wiping or washing, then wrap the substance up in 
a sheet of thick paper, and crusli it to pieces on a 
steel anvil ; and pick out with a pair of small pincers 
the cleanest pieces. Crystalline substances, prepared 
artificially, ought to be purified by recrystallization ; 
precipitates by thorough washing, Occ. e'en. 

In technical investigations — when called upon, for 
instance, to determine the amount of peroxide pre- 
sent in a mangane.se ore, or the amount of iron pre- 
Fig. 23. ore, — the first point for consideration 

, ought to be whether the samples selected correspond 
as much as possible to the average quality of the ore. What would it 
serve, indeed, to the purchaser of a manganese mine to know the amount 
of peroxide present in a select, possibly particularly rich, sanq)le ? 

These few observations will suffice to show that no universally appli- 
cable and valid rules to guide the analyst in the selection of the sani])ln 
can be laid down ; he must in every individual case, on the one hand, 
examine the substonce carefully, and more particularly also under the 
microscope, or through a lens ; and, on the other hand, keep clearly in 
view i\xQ. object of the investigation, and then take his measures accord- 
ingly. 

§25. 

2. Mechanical Division. 

In order to prepare a substance for analysis, to render it accessibln 
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to the action of solvents or fluxes, it is generally indispensable, in the first 
])lace, to divide it into minute parts, since tliis will -create abundant points 
of contact for the solvent, and will counteract, an<l, iis far as practicable, 
remove the adverse influence of the power of cohesion, thus fullilling all 
the conditions necessjiry to effect a complete and speedy solution. 

The means employed to attain this object vary according to the nature 
of the different bodies we have to operate upon. In many cases, simple 
crushing or pounding is suflicicnt ; in other cases it is necessary to reduce 
the powder to the very highest degree of fineness, by sifting or by elu- 
triation. 

The operation of powdering is conducted in mortars ; the first and most 
indispensable condition is, that the material of the mortar be considerably 
harder than the substance to be pulverized, so as to prevent, as for as 
practicable, the latter from being contJiminated with any particles of the 
Ibrmer. Thus, for pounding salts and other substjinces i)Osscssing no very 
considerable degree of hardness, porcelain mortars may be used, whilst 
the pounding of harder substancCvS (of most minerals, for instance,) requires 
vessels of agate, chalcedony, or flint. In such cases, the larger pieces are 
first reduced to a coarse powder ; this is best effected by wrapping them 
up in several slieets of writing-paper, and striking them with a hammer 
upon a steel or iron plate ; the coarse powder thus obUiined is then jml- 
verized, in small portions at a time, in an agate mortar, until it is reduced 
to the state of an impalpable powder. If* we have l)ut a small portion of a 
mineral to operate upon, and indeed in all cases where we are desirous of 
avoiding loss, it is advisid.de to use a steel mortar (fig. 24) for the pre- 
paratory reduction of the mineral to coarse powder. 

a h and c d represent the two compo- 
nent parts of the mortar ; these may be 
readily taken asunder. The substance to 
be crushed (having, if practicable, first 
been broken into small pieces), is placed 
in the cylindrical chaml)er e f ; the steel 
c}dinder, which fits somewhat loosely into 
the chamber, serves as pestle. The mortar 
IS placed upon a solid su])port, and per- 
pendicular blows are re})eatodly struck 
upon the pestle with a liammer until the 
object in view is attiiincd. 

Minerals which are very difficult to pul- 
verize should be strongly ignited, and then 
foiddenly plunged into cold water, and 
subsequently again ignited. This process 
IS of course aj)plicable only to minerals 
''yhich lose no essential constituent on igni- 
tion, and are perfectly insoluble in water. 

In the purcliase of agate mortars, aspecial care ought to be taken that 
they have no palpable cracks or indentations ; very slight cracks, however, 

; that cannot bo felt, do not render the mortar useless, although they impair 
ds durability. 

Minerals insoluble in acids, and which consequently require fusing, must 
<^specially be finely divided, otherwise we cannot calculate upon complete 
decomposition. This object may be obtained either by triturating the 
pounded mineral with water, or by elutriation, or by sifting; the two 
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former processes, however, can be resorted to only in the case of subsUinces 
which arc not attacked by water. It is quite clear that analysts must in 
future be much more cautious in tliis point than has hitherto been the 
case, since we know now that many substances which are usually held to 
be insoluble in water are, when in a state of minute division, strongly 
affected by that solvent ; thus, for instance, water, acting u})Oii finely 
pulverized glass, is found to rapidly dissolve from 2 to 3 per cent, of th(! 
powder even in the cold. (Pelouze.*) Thus, again, finely divided 
feldspar, granite, trachyte and porphyry give up to water both alkali and 
silica. (II. LuDwiG.j) 

Trituration with water (leingation). Add a little water to the pounded 
mineral in the mortar, and triturate the paste until all crepitation ceases, 
or, wliich is a more expeditious process, transfer the mineral paste from the 
mortar to an agate or flint slab, and triturate it thereon with a muller. 
Ivinse the paste ofl*, with the washing bottle, into a smooth porcelain basin 
of hemispheric form, evaporate the water on the water-bath, and mix tlic 
residue most carefully with the pestle. (The paste may be dried also in 
the agate mortar, but at a very gentle heat, since otherwise the mortar 
might crack.) 

To perform the process of elutriation, the pasty mass, having first been 
very finely triturated with water, is washed ofl' into a beaker, and stirred 
with distilled water ; the mixture is then allowed to stand a minute or so, 
after which the supernatant turbid fluid is poured ofl into anotlier beaker. 
The sediment, winch contains the coarser parts, is then again subjected to 
the process of trituration, &c., and the same operation repeated until the 
whole quantity is elutriated. The turbid fluid is allowed to stand at rest 
until tlie minute particles of the substance held in suspension have sub- 
sided, which generally takes many hours. The water is then finally 
decanted, and the powder dried in the beaker. 

The process of sifting is conducted as follows: a piece of fine, well- 
washed, and thoroughly dry linen is placed over the mouth of a bottle 
about 10 cm. high, and 2 )rcssed down a little into the mouth, so as to 
form a kind of bag ; a jwrtion of the finely triturated substance is put 
into the bag, and a piece of soft leather stretched tightly over the top by 
way of cover. By drumming with the finger on the leather cover, a shakin" 
motion is inqiarted to the bag, which makes the finer jiarticles of the ^lowfior 
gradually pass through the linen. The portion remaining in the bag b 
subjected again to trituration in an agate mortar, and, together with a 
fresh portion of the powder, silled again ; and the same jirocess is continueil 
until the entire mass has jDassed through the bag into the glass. 

Wlipn operating on substances consisting of different compounds it 
would be a grave error indeed to use for analysis the powder resultin.ii' 
from the first jirocess of elutriation or sifting, since this will contain tlie 
more readily jDulverizable constituents in a greater proportion to the more 
resisting ones than is the case with the original substance. 

Great care must, therefore, also be taken to avoid a loss of substance ii> 
the process of elutriation or sifting, as this loss is likely to be distributed 
unequally among the several component parts. 

In cases where it is intended to ascertain the average composition of;* 
heterogeneous substance, of an iron ore for instance, a large average' 
sample is selected, and reduced to a coarse powder; the latter 

* Compt. Rend. t. xliii., pp. 117-122, 
t Archiv der Pharm. 91, 147. 
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tlioroTiglily intermixed, a portion of it powdered more finely, and mixed 
uniformly, and finally the quantity required for analysis is reduced to the 
finest powder. The most convenient instrument for the crushing and coarse 
pounding of large samples of ore, &c., is a steel anvil and hammer. The 
anvil in my own laboratory consists of a wood pillar, 85 cm. high and 2G 
cm. in diameter, into which a steel plate, 3 cm. thick and 20 cm. in 
diameter, is let to the depth of one-half of its thickness. A brass ring, 
5 cm. high, fits round the upper projecting part of the steel plate. The 
hammer, which is well steeled, has a striking surface of 5 cm. diameter. 
An anvil and hammer of this kind afford, among others, this advantage, 
that their steel surfaces admit most readily of cleaning. To convert the 
coarse powder into a finer, a smooth- turned steel mortar of about 130mm. 
upper diameter and 74 mm. deep is used — the final trituration is con- 
ducted in an agate mortar. 


§ 26. 

3. Drying, 

Bodies which it is intended to analyze quantitatively, must be, when 
weighed, in a definite state, in a condition in which they can be always 
obtained again. 

Now, the essential constituents of a substance are usually accompanied 
by an unessential one, viz., a greater or less amount of water, enclosed 
cither within its lamella^., or adhering to it from the mode of its prepara- 
tion, or absorbed by it from the atmosphere. It is perfectly oi)vious that 
to estimate correctly the quantity of a substance, we must, in the first 
place, remove this variable amount of water. Most solid bodies^ there- 
fore, require to be dried, before the// can be quantitatively analysed. 

The operation of drying is of the very highest imj)ortance for the 
correctness of the results ; indeed it may safely be averred that many of 
the differences observed in analytical researches proceed entirely from the 
fact that substances are analysed in different states of moisture. 

Many bodies contain, as is welt known, water wliich is proper to them 
either as inherent in their constitution or as so-called water of crystal- 
lization. In contradistinction to this, we will employ the term moisture 
to designate that variable adherent or mechanically enclosed water, with 
the removal of which the operation of drying in the sense here in view is 
alone concerned. 

In the drying of substances for quantibitive analysis, our object is to 
remove all moisture, without interfering in the slightest degree with combined 
water or any other constituent of the body. To accomplish this object, it 
IS absolutely requisite that we should know the properties whic^h Ihe sub- 
stance under examination manifests in the dry state, and whether it loses 
water or other constituents at a red heat, or at 100"^, or in dried air, or 
6ven simply in contact with the atmosphere. These data will serve to 
guide us in the selection of the process of desiccation best suited to each 
substance."^ 

The following classification may accordingly be adopted : — 

Substances which lose water even in simple contact with the atrno- 

The dried substance should always at once be transferred to a well-closed vessel ; 

of sufficiently thick glass to bear the firm insertion 

tight-fitting smooth corks, are usually employed for this purpose. It is advisable 
to put tinfoil under the cork. 



40 


OPERATIONS. 


t§ 27. 

sphere ; such as sulphate of soda, crystallized carbonate of soda, &c. 
Substances of this kind turn dull and opaque when exposed to the air, 
and finally crumble wholly or partially to a white powder. They are 
more difficult to dry than many other bodies. The process best adapted 
for the purpose, is to press the pulverized salts with some degree of force 
between thick layers of fine Avhite blotting-paper, rei)cating the operation 
with fresh paper until the last sheets remain absolutely dry. 

It is generally advisiiblc in the course of this operation to repowder tlie 
salt. 

b. Suhsta?ices which do not yield ivnter to the atmosphere (iinless it is 
perfectly dry), hut effloresce in artificially dried air ; such as suljihate of 
magnesia, tartrate of poUissJi and soda (Rochelle salt), (fee. Salts of this 
kind are reduced to powder, Avhich, if it be very moist, is pressed between 
sheets of blotting-paper, as in a ; after this operation, it must be allowed 
to remain for some time spread in a thin layer upon a sheet of blotting- 
])aper, effectually protected against dust, and shielded from the direct rays 
of the sun. 


§ 27. 

c. Substances which undergo no alteration in dried air, but lose water 
at 100°; tartrate of lime, fijr instance. These are finely pulverized ; the 
jiowder is put in a thin layer into a watch-glass or shallow dish, and the 
latter placed inside a chamber in which the air is kept dry by means of 
sulphuric acid. This process is usually conducted in one of the following 
apparatuses, which are termed desiccators, and subserve still another 
purpose besides that of drying, viz., that of alloAving hot crucibles, dishes, 
vfec., to cool in dry air. 



Fig. 25. Fig. 26. 


In fig. 25, a represents a glass plate (ground-glass plates answer the 
purpose best), b, a bell jar, with ground rim, which is greased with 
tallow ; c is a glass basin with sulphuric acid ; d, a round iron plate, sup- 
ported on three feet, with circular holes of various sizes, for the reception 
of the watch-glasses, crucibles, (fee., containing the substance. 

In fig. 26, a represents a beaker with ground and greased rim, and 
filled to one-fourth or one- third with concentrated sulphuric acid ; is a 
ground-glass plate ; c is a bent wire of lead, which serves to support the 
watch-glass containing the substance. 

Fig. 27 represents a readily portable desiccator, used more particularly 
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to receive crucibles in course of cooling, 
and carry them to the balance. The in- 
strument consists of a box made of strong 
glass ; the lid must be ground to shut air- 
tight ; the place on which it joins is greased 
with tallow. The outer diameter of rny 
boxes is 105 mm. ; the sides are G mm. 
thick. The aperture has a diameter of 
80 mm. ; tlie box up to the small part is 
65 mm. high ; the lid has the same height ; 
the small part itself is 15 mm. high, and 
^rroimd to a slightly conical shape. A 
brass ring, with rim, fits exactly into the 
aperture ; the rim must not project beyond 
the glass. The ring bears a triangle of 
iron, or, better, platinum wire, intended for 
tlie reception of crucibles, &c. 

Fig. 28 represents the desiccator con- 
structed by A. SciiiibTTER, upon the prin- 
ciple of affording free egress to the air, 
which expands as soon as hot crucibles are 
placed inside the apparatus; the expand- 



Fig. 27. 


ing air escapes, in the 
first place, through the 
little tubea, then through 
the two lateral apertures 
in the lower part of h ; 
the air -bubbles lastly, 
which ascend through 
the sulphuric acid in c, 
make their escape from 
the bulb r/, which is filled 
with chloride of calcium. 
When the aj)paratus is 
cooling, perfectly dry air 
re-enters by the same 
way. The operation 
uiay be considered at an 
end when no more air- 
bubbles ascend tlirough 
the sulphuric .acid. The 
little tube e serves to 
catch the sulphuric acid 
that might be carried 
down through a ; this 
tube must not close the 
lower orifice of the bell- 
jar air-tight, and the 
^ork holding it must be 
channelled ; f serves as 
a stand for the bell-glass, 
■^his desiccator affords 
itke advantage that the 



Fig. 28. 
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substances placed in it are cooled in dry air of the common pressure 
and have accordingly, when removed from the apparatus, no tendency to 
attract air (and consequently moisture), which cannot be siiid of substances 
cooled in air slightly rarefied by heat. The body which it is intended to 
dry is kept exposed to the action of the dry air in the glass, until it shows 
no further diminution of weight. Substances upon whicli the oxygen of tlie 
air exercises a modifying influence are dried in a similar manner, under 
the exhausted receiver of an air-pump. Substances which, though losing 
no water in dry air, yet give off ammonia, are dried over quicklime, 
mixed with some chloride of ammonium in powder, and consequently in 
any anhydrous ammoiiiacal atmosphere. 


d. Substances ivhkh at 100° completely// lose their moisture^ withonf ■ 
suffering any other alteration y such as bitartrate of potassii, sugar, &c. 
These are dried in the water-bath ; in the case of slow-drying substances, 
or where it is wished to expedite the operation, with the aid of a current 
of dry air. 

Fig. 29 represents the water-bath most 
!! inj^de either of tiu- 

‘i^so as an oil-bath, soldered with 
engraving renders a detailed 
description unnecessary. The pinner cluuii- 

outer case or jacket, d e, without comniu- 
nicating with it. The object of the aper- 
Fig. 29. tures g and h is to effect change of air, 

which purpose they answer sufficiently well 
When it is intended to use the apparatus, the outer case is filled to about 
one-half with rain-water, and the aperture a is closed with a perfo- 
rated cork, into which a glass tube is fitted ; the aperture h is entirely 
closed. If the apparatus is intended to be heated over charcoal, it 
should have a length of about 20 cm. from r/ to /; but if over a gas-, 
spirit-, or oil-lamp, it should be only about 13 cm. long. In the former 
case, tlie inner chamber ls 17 cm. deep, 14 cm. broad, and 10 cm. higli; 
in the latter case, it is 10 cm. deep, 9 cm. broad, and 6 cm. high. 
temperature in the inner chamber never quite reaches 100° ; to bring it up to 
100°, F. Kochledek has sugge.sted (in a private communication) to close h 
with a double-limbed tube, the outer longer limb of which dips into a 
cylinder filled with water ; a is in that case closed with a perforated cork 
bearing a sufficiently tall funnel tube, which fits air-tight in the cork. Tbo 
lower end of this tube reaches down to one inch from the bottom. 

In large analytical laboratories water is usually kept boiling all di)' 
long, for the production of distilled water. The boilers used in my own 
laboratory have the shape of somewhat ^blong square boxes, about 
120 cm. long, 60 cm. broad, and 24 cm. mgh ; the front of the boilet 
has soldered into it, one above the other, two rows of drying-chamberS 
or closets, of the kind shown in fig. 29. This gives so many ovenSi 
that almost every student may have one for his special use. Most d 
these ovens are from 11 to 12 cm. deep and broad, and 8 cm. hig^b 
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some of them, however, are 16 cm. deep and broad, to enable them to 
receive large-sized dishes. The substances to be dried are usually put 
; on double watch-glasses, laid one within the other, which are placed in 
ithe oven, and the door is then closed. In the subsequent process of weigh- 
■iirr the upper glass, which contains the substance, is covered with the 
: lower one. The glasses must be quite cold before they are placed on the 
' scale. In cases where we have to deal with hygroscopic substances, the 
: reabsorption of water upon cooling is prevented by the selection ol close- 
itting glasses, which are held tight together by a clasp (tig. 30), and 
illowed to cool with their contents 
under a bell-glass over sulphuric acid 
'see fig. 25). These latter instruc- 
:ioiis apply equally to the process of 
irying conducted in other apparatus. 

The clasp used for keeping the 
watch-glasses pressed together — and 
which in all cases where it is intended 
to ascertain the loss of weight which 
a substance sutlers on desiccation, is to be looked upon as belonging to 
the glasses, and must accordingly be weighed with them is constructed 
of two strips of thin brass plate, about 10 cm. long, and 1 cm. wide, which 
arc laid the one over the other, and soldered together at the ends, to the 
extent of 5 to G mm. 

The following apparatuses serve for drying substances in a current ot 
air : — 

In fig. 31 (A) the current 
is caused simply by heating 
the air, which renders this 
ajiparatus very convenient for 
use. 

a h IS a case of sheet cop- 
per, or tin plate, into which 
the canal c d is soldered ; the 
latter communicates with the 
chimney e f ; this is sur- 
rounded on three sides by the 
cover (j hj which again com- 
municates with a b. The cover 
has no opening at the top. At 
i is a round aperture leading 

into the canal, and which may ^ } 

be closed with a cork ; / ^ is provided with a well-fitting sliding door run- 
ning in grooves. 

When the apparatus is to be used, the aperture Uj which serves to let 
off the water, is closed with a cork, the outer case is half filled through 
the hole ni — with water, which is then heated to boiling. The watch- 
glasses with the substances to be dried are placed into the holes of the 
sliding shelf jB, and the latter is introduced into the canal at I kj which is 
then closed. 

An upward current is soon produced in the chimney, heated as it is, 
the steam surrounding it, and the cold atmospheric air flowing in 
through the aperture f, and passing over the drying substances, carries 
away with it the evaporating moisture. There is a slight disadvantage 


A 




Fig. 30. 
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attending this mode of proceeding, viz., the cold air which passes throiigli 
? keeps the drying substjinces always a little below 212°; this maybe 
easily remedied, however, by conducting the air, in the first ])lace, through 
a tube running along under the bottom of the canal (to which it is sol- 
dered) from one end to the other and back again. The air is thus licated 
to 100®, before coming into contact with the drying substance. This 
tube has been omitted from the engraving, to avoid conlusion. 

To render the apparatus still more useful, round holes of different sizes 
may be cut in the top of the case ; these holes, for which proper covers 
must be provided, serve for the reception of small evaporating dishes. The 
aperture m may, in that case, of cour.se be omitted. The a])paratus is, 
according to the requirements of the case, made from 20 to bO cm. long, 
with a depth of 15 cm., and height of about 10 cm. The canal should 
be G cm. wide, and 3 cm. high. 

If it be desinible to create a stronger draught of air than that produced 
by the little chimney, air which has previously been transmitted through 
sulphuric acid, or through a chloride of c^ilcium tube, may be blown into 
i by means of a gasometer, or an india-rubber balloon, or some otlier 
contrivance. 



Fig. 32. 


If a higher temperature than that of boiling water be required, the appn- 
ratus (which must then be of copper) is filled with nil, and the temperature 
determined by a thermometer, fixed into m by a cork. 

In the apparatus represented in fig. 32, the current of air is produced 
by ail aspirator. 

a represents a flask filled to one-third with concentrated sulphuric acid; 
c a gla.ss vessel (commonly called a Liebig’s drying-tube), and d a tin 
vessel, provided with a stop-cock at c, and arranged in other respects ns 
the cut shows. 

Fig. 33 represents a small tin vessel, containing water and covered with 
a lid ; two apertures, a and are cut into the border 
of the latter, to receive the ascending limbs of c. 

The tube c is first weighed with the substance, then 
placed in the water-bath, Hg. 33, which is placed over n 
spirit- or gas-lamp ; the aspirator d is then filled with 
Fig. 33. water, and c connected with the flask a by the per- 
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orated cork g, and with d by means of a caoutchouc tube /. If the 
itop-cock e be now opened so as to cause the water to drop from d, the 
tir will pass through the tube and after being dehydrated by the sul- 
phuric acid, will j^ass over the heated substance in c. After the operation 
las been continued for some time, it is interrupted for the purpose ol‘ 
/v^eighing the tube c and its contents, and then resumed again, and con- 
linued until the weight of c (and its contents) remains stationary. The 
jurrent of cold air, exercising its constant cooling action upon the sub- 
Itance, the latter never really Teaches 100°. It is, therefore, sometimes 
idvisiible to substitute for the water in the bath a saturated solution of 
jommon siilt. 

With this substitution, the apparatus represented in figs. 32 and 33 
w-ill be found to effect its purpose the most expeditiously. It is not 
idapted, however, for drying such substances as have a tendency to fuse 
}r agglutinate at 100°. 


§ 29. 


e. Substances ivhich persistcntlg retain moisture at 100°, or become corn- 
pletebf dry only after a very long time; but mlxich are decomposed by a 
red heat. 

The desiccation of such substances is effected in the air-bath or oil- 
bath, or the drying-disk is resorted to, the temperature being raised to 
110-120°, and still higher, and, according to circumstances, with or with- 
}ut application of a current of air; in some cases in rarefied air, in others 
in dilute carbonic acid. 

Figs. 34 and 35 represent two 
ilr-baths of the simplest construc- 
tion ; the former (fig. 34) adapted 
for the simultaneous drying of 
several substances, the latter more 
particularly suited for the desicca- 
tion of a single substance. 

In fig. 34, a b is a case of 
strong sheet co])per, soldered with 
brass, of a width and depth of 
15 to 20 cm., and corresponding 
feight. The aperture c is in- 
tended to receive a perforated 
cork, into which is fixed a ther- 
nioineter, which reaches into 
the interior of the case; e is a 
"vvire stand, on which are placed 
the watch-glasses with the sub- 
stances to be dried. The case is 
heated by means of a gas-, spirit-, 
or oil-lamp. When the tempera- 
ture has once reached the intended 

point, it is easy to maintain it pretty constant, by regulating the flame 
In order to limit as much as possible the cooling from without, it is advis- 



With a gas-lamp, Kemp’s regulator improved by Bunsen, may advantageously bo 
wea to obtain constant temperatures. 
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Fig. 35. 


able to put over the whole apparatus a pasteboard hood 
with a movable front. 

In fig. 35, A is a box of strong sheet copper, about 
11 cm. high, and 9 cm. in diameter. The box is closed 
with the loose-fitting cover -S, which is provided with a 
narrow rim, and has two apertures, Cand C is intended 
to receive the thermometer 7), which is fitted into it by a 
pcrtbrated cork, E affords an exit to the aqueous vapors, 
and is, according to circumstances, either left open, or 
loosely closed. In the interior of the box, about half 
way up, are fixed three pins, supporting a triangle of 
moderately stout wire, upon which the crucible witli 
the substJince is placed uncovered. The bulb of the 
thermometer approaches the crucible as closely as possi- 
ble, but without touching the triangle. The heating is 
effected by means of a gas- or spirit-lamp. When the 
apparatus has cooled sufficiently to 



allow its being laid hold of without 
inconvenience, the lid is removed, 
the crucible, which is still warm, 
taken out, covered, and allowed to 
cool in a desiccator ; and weighed 
when cold. 

The air-bath represented in fig. 
36 serves for the desiccation of sub- 
stances in a bulb-tube, with simul- 
taneous application of a current of 
dry air. 

The apparatus consists of a hollow 
box, made of sheet iron, of the fol- 
lowing dimensions : — a h = 20, a c 
= 13, (id = 12, ef-- 11, e y = 6 cm. 
The apertures of both sides have a 
diameter of 16 mm. The bulb of 
the thermometer should be on a level 
with that of the bulb-tube, touching 
it at the side. To this end, the aper- 
ture h must not be placed in the 
middle line, but 1 cm. in the rear of 
it. It is easy to attain in this appa- 
ratus a temperature of from 200 to 
260®. To produce the current of 
dry air, one of the projecting ends 
of the bulb-tube is connected with 
an aspirator, as in fig. 32, the other 
with a chloride of calcium tube ; the 
water of the aspirator is allowed to 
drop out, somewhat rapidly at first, 
more slowly afterwards. If it is in- 
tended to weigh the tube with the 
dried substance, it is allowed to cool, 
with a current of dry air still con- 
tinuing to pass through. 


Fig. 36. 




Fig. 37. 

a represents a vessel of strong sheet copper, soldered with brass, and 
provided with two apertures at tlie top ; ^ is a small glass tube, containing 
;lie substance; c a thermometer; d a chloride of calcium tube; e an 
Exhausting syringe. 

The operation is commenced by heating a to the desired degree ; h and 
i are then exhausted by working the syringe. After the lapse of a few 
Eninutes, fresh air is readmitted through the stop-cock /, which, passing 
pver the chloride of calcium in d, is completely dried. The same process 
|)f alternate exhaustion and readmission of air is repeated until the 
Interior of the tube g ceases to exhibit even the faintest trace of moisture, 
khen cooled by the application of wool saturated with ether. 

§ 30 , 

The copper apparatus represented in fig. 29 is employed also as an oil- 
ath ; when used for that puriiose, the outer ause is filled to two-thirds 
uth refined rape-oil. To note the temperature, a thermometer is in- 
erted, by means of a perforated cork, in the aperture a ; with the bulb 
eaching nearly to the bottom, or, at all events, entirely immersed in the 
ih As the oil, when heated, emits a most disagreeable smell, I often use 
araffin instead, which may now be had cheap. The air-bath represented 
^ fig. 37 will also serve the purpose of an oil-bath. If it is inten^led to 
^Gigh the substance after drying in a tube, a shorter tube is selected for 
lie purpose, which readily admits of insertion into the tube standing in 
fie oil. 

Many organic substances, when dried at a somewhat high temperature, 
uflfer alteration by the action of the atmospheric oxygen. (Fk, Rochleder.*) 
nthe desiccation of such substances, oxygen must accordingly be excluded. 

^^g- 38 represents the apparatus devised for that purpose by 
^OCHLEDER. 

The cock H is screwed on at a, to the air-pump ; h is connected, by 
i^Gans of an india-rubber tube, with a caoutchouc-bag (or a bladder). 


Joum. fiir prakt. Chemie, 66, 208. 
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filled witli c.'irbonic acid. B is an oil-bath ; the temperature of the bath 
ia noted by means of a thermometer ; /S' is a wide-mouthed vessel of strong 
glass, placed in the bath, whicli serves to receive the substance to be dried, 
contained in a glass tube as wide as practicable, and scaled at the bottom. 



By working the air-pump with the cock H open and IP closed the air in (S' 
is rarefied ; by closing //, and opening 1I\ the apparatus is filled with car- 
bonic acid, freed from moisture in its passage through the chloride of cal- 
cium tube, C'. 

By repeating this operation, the apparatus is filled completely with dry 
carbonic acid. //' is then closed, and the pump set to work. The oil-batli 
is then heated to the desired degree, carbonic acid being admitted, from 
time to time, through IP, With the carbonic acid pumped out, alter 
closing the cock /f, is removed also the moisture absorbed by it, which i?t 
retained in the chloride of calcium tube C. The entire operation is com- 
pleted within an hour. 

§ 31. 

In technical and agricultural chemical processes, when it is required to 
dry a number of samples simultaneously at a rather high temperature, tlie 
drying-disk^ devised by myself, and represented in fig. 31), will bo fouml 
convenient. 

This apparatus consists of a lathe-turned circular cast-iron plate, 37 mm- 
thick and 21 cm. in diameter ; the bulk of the plate is, therefore, consider- 
able, the weight being 8 kilogrammes. Owing to this circumstance, the 
heat is very uniformly diffused through its entire mass, and it is easy to 
imiintain it steadily at the desired temperature. The plate has six smootli- 
turried' cylindrical cavities, placed round the centre, at equal distances from 
each other, in which six lathe-turned cylindrical brass pans, of 55 mni. 
diameter and 18 mm. height in the clear, are fitted somewhat loosely, to 
admit of their ready removal after the process of heating. The pans arc 
provided with small handles, turned towards the periphery of the disk, and 
resting in appropriate grooves. Behind every cavity is stamped on the 
plate a number, from 1 to 6 ; the handles of the pans bear correspondini, 
numbers, so that every pan has its own proper cavity. The distance ft’on^ 
the centre of the plate to the centre of the pans is 6*5 cm. ; the rims ot 
the pans are level with the surface of the plate. Five of the pans are 
intended to receive the samples (ores, parts of plants, &c.) ; the sixd> 
receives the thermometer, to which end a brass ring is fitted into it, pro- 
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jecting 3 cm. above the surface. The pan, which is thereby licightened, is 
tilled with brass or copper filings, and the bulb of the thermometer 
iimiiersed in these down to the bottom. The 
heat is made to act upon the centre of the 
j)late. 

f\ Substances which suffer no altemtiori 
at a red heat, such as sulpliate of baryta, 

])e:irlash, &c., are very readily freed from 
moisture. They need simply lx; heated in 
a platinum or porcelain crucible over a gas 
or spirit-lamp until the desired end is at- 
tuned. The crucible, having first been 
allowed to cool a little, is put, still hot, 
under a desiccator, and finally weighed 
when cold. 

III. General Procedure in Quantitative 
Analyses. 

§ 32. 

It is important, in the first place, to ob- 
serve that we embrace in the following ge- 
neral analytical! method only the separation 
and determination of the metals and their 
combinations with the metalloids, and of the 
inorganic acids and salts. AVith respect to 
the quantitative analysis of other com- 
pounds, it is not easy to lay down a univer- 
sally applicable method, except that their 
constituents usually recpiire to be converted 
first into acids or bases, before their separa- 
tion and estimation can be attempted ; this 
is the case, for instance, with sulphide of 
phosj)horus, chloride of sulphur, chloride 
of iodine, sulphide of nitrogen, &c. 
i The quantitative analysis of a substance 
presupposes an accurate knowledge of the 
iproperties of the same, and of the nature of its several constituents, 
j I hose data will enable the operator at once to decide whether the direct 
|e8tnnation of each individual constituent is necessary ; whether he need 
operate only on one portion of the substance, or whether it would be 
advantageous to determine each constituent in different portions. Let us 
suppose, for instance, we have a mixture of chloride of sodium and anhy- 
rous sulphate of soda, and wish to ascertain the proportion in which 
ucse two substances are mixed. Here it would be superfluous to deter- 
Jmrie each constituent directly, since the determination cither of the quan- 
of the chlorine, or of the sulphuric acid, is quite sufficient to answer 
^0 purpose ; still the estimation of both the chlorine and the sulphuric 
fiCid will afford us an infallible control for the correctness of our analysis ; 
P^uce the united weights of these two substances, added to the sodium and 
R respectively equivalent to them, must be equal to the weight of the 

P^bstance taken. ^ . u 

These estimations may be made, either in one and the same portion of 





Fig. 39. 
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the mixture, by first precipitating the sulphuric acid with nitrate ofbaryt:i, 
and subsecpiently the hydrochloric acid from the filtrate with solution of 
nitrate of silver ; or a separate portion of the mixture may be appropriated 
to each of these two operations. Urdess there is some objection to its 
use (6.^., deficiency or heterogeneousness of substance), the latter UKithod . 
is more convenient and generally yields more accurate results ; since, in 
the former method, the unavoidable washing of the first precipitate swells 
the amount of liquid so considerably that the analysis is thereby delayed, 
and, moreover, loss of substance less easily guarded against. 

Before beginning all analyses, at least those of a more complex nature, 
the student should write out an exact plan, and accurately note on piper, 
during the entire process, everything that he does. It is in the highest 
degree unwise to rely on the memory in a complicated analysis. When 
students, who imagine they can do so, come, a week or a fortnight 
after they have begun their analysis, to work out the results, they find 
generally too late that they have forgotten miicdi, which now^ aj)pe;irs to 
them of importance to know. The intelligent pursuit of (diemical analysis 
consists in the projecting and accurate testing of the pliin ; acuteness and 
the power of passing in review all the influencing chemical relations must 
here support each other. lie who works without a. thoroughly thought- 
out })lan, has no right to say he is pra(!tisii]g chemistry; for a inero 
unthinking stringing together of a series of filtrations, evaporations, igni- 
tions, and weighings, howsoever well these several operations may be per- 
formed, is not chemistry. 

We will now proceed to describe the various operations constituting 
the process of quantitative analysis. 

§ 33 . 

1. Weighing the Substance. 

The amount of matter required for the quantitative analysis of a sub- 
stance depends upon the nature of its constituents; it is, therefore, impos- 
sible to lay down rules for guidance on this point. Half a gramme ol 
chloride of sodium, and even less, is suHicient to effect the estimation ot 
the chlorine. For the quantitative analysis of a mixture of common 
salt and anhydrous sulphate of soda, 1 gramme will suffice ; whereas, m 
the case of ashes of plants, complex minerals, &c., 3 or 4 grammes, and 
even more, are required. 1 to 3 grin, can therefore be indicated as the 
average quantity suitable in most cases. For the estimation of constituents 
present in very minute proportions only, as, for instance, alkalies in lime- 
stones, phosphorus or sulphur in cast-iron, &c., much greater quantities 
are often required — 10, 20, or 50 grammes. 

The greater the amount of .substance taken the more accurate will be tlio 
analysis ; the smaller tlie quantity, the sooner, as a rule, will the analysis 
be finished. We would advise the student to endeavour to combine 
accuracy with economy of time. The less substance he takes to operate 
upon, the more carefully he ought to iveigh ; the larger the amount ot 
substance, the less harm can re.sult from slight inaccuracies in weighing' 
Somewhat large quantities of substance are generally weighed to 1 milb' 
gramme ; minute quantities, to of a milligramme. 

If one portion of a substance is to be weighed off, we first weigh tw’O 
watch-glasses which fit on each other, or else an empty platinum crucibk 
with lid, then we put some substance in, and weigh again; the difference 
between the two weighings gives the weight of the substance taken. 
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If several quantities of a substance are to be operated upon, the best 
way is to weigh off the several portions successively ; which may bo 
accomi)li8hed most readily by weighing in a glass tube, or other appro- 
priate vessel, the whole amount of substance, and then shaking out of the 
tul)e the quantities required one after another into appropriate vessels, 
weighing the tube after each time. 

The work may often also be materially lightened, by weighing off a larger 
portion of the substance, dissolving this to ^ or 1 litre, and taking out 
for the several estimations aliquot parts, with the 50 or 100 c. c. pipette. 
The first and most essential condition of this proceeding, of course, is 
that the pi[)ettes must accurately correspond with the measuring flasks 
(§§ 18 and 20). 

§34. 

2. Estimation of the Water. 

If the substance to be examined — after having been freed from moisture 
by a suitable drying process (§§ 20— 32)— contains water, it is usual to 
begin by determining the amount of this water. This operation is gene- 
rally simple; in some instances, however, it has its difficulties. This 
depends upon various circumstances, viz., whether the compounds intended 
for analysis yield their water readily or not; whether they can bear a red 
heat without suffering decomposition ; or whether, on the contrary, they 
give off other volatile substances, besides water, even at a lower tem- 
perature. 

The correct knowledge of the constitution of a compound depends fre- 
quently upon the accurafe estimation of the water contained in it ; in 
many cases — for instance, in the analysis of the salts of known acids — the 
estimation of the wiiter contained in the analysed compound suffices to 
enable us to deduce the formula. The estimation of the water contained 
in a substance, is, therefore, one of the most important, as well as most 
frequently occurring operations of quantitative analysis. The proportion 
of water contained in a substance may be determined in two ways, viz., 
«, from the diminution of weight consequent upon the expulsion of the 
water by weighing the amount of water expelled. 

§35. 

a . Estimation of the Water from the Loss of Weight. 

This method, on account of its simplicity, is most frequently employed. 
Ine modus operandi depends upon the nature of the substance under 
examination. 

«• The Substance hears ignition without losing other Constituents besides 
Water^ and without absorbing Oxygen. 

The substance is weighed in a platinum or porcelain crucible, and 
p dce ^ over the gas- or spirit lamp ; the heat should be very gentle at 
, and gradually increased. When the crucible has been maintained 
^me time at a red heat, it is allowed to cool a little, put still warm under 
esiccator, and finally weiglied when cold. The ignition is then repeated,. 
1 e weight again ascertained. If no further diminution of weight has 
B process is at an end, the desired object being fully attained. 

^ 1 the weight is less than after the first heating, the operation must 

repeated until the weight remains constant. 

£ 2 
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In the case of silicates, the heat must be raised to a very high degree, 
since many of them (e.g. talc, steatite, nephrite), only begin at a red heat 
to give off water, and require a yellow heat for the complete expulsion of 
that constituent. (Til Scheereu.*) Such bodies are therefore ignited 
over the bellows blowpipe. 

In the case of substances that have a tendency to puff off, or to spirt, a 
siuidl hask or retort may sometimes bo advantageously substituted for tlie 
crucible. Caro must be taken to remove the last traces of aqueous vapor 
from the vessel, by suction through a glass tube. 

Decrepitating salts (chloride of sodium, for instance) are put — finely 
])ulverized, if possible — in a small covered platinum crucible, which is 
then placed in a large one, also covered ; tlie wliole is weighed, then heated, 
gently at first for some time, then more strongly ; finally, after cooling, 
weighed again. 

/3. The Substance loses on ignition other Constituents besides Water^ 
{Boracic Acid^ Sulphuric Acid, Fluoride of Silicon^ ^c.) 

Here the analyst has to consider, in the first place, whether the water 
may not be expelled at a lower degree of heat, which does not involve the 
loss of other constituents. If this may be done, the substance is heated 
cither in the water-bath, or where a higher temperature is required, in 
the air-bath or oil-bath, the temperature being regulated by the ther- 
mometer. The expulsion of the water may bo promoted, by the co- 
operation of a current of air (compare §§ 20 and 30) ; or by the addition of 
|)ure dry sand to the substance, to keep it porous.f The process must be con- 
tinued under these circumstances also, until the weight remains constant. 

In cases where, for some reason or other, such gentle heating is insuf- 
ficient, the analyst has to consider whether the desired end may not he 
attained at a red heat, l)y adding some substance that will retain tlie 
volatile constituent whose loss is apprehended. Thus, for instance, the 
crystallized sulphate of alumina loses at a red heat, besides water, also 
sulphuric acid ; now, the loss of the latter constituent may be guarded 
against, by adding to the sulphate an excess (about six times the quantity) 
of finely pulverized, recently ignited, pure oxide of lead, But the addi- 
tion of this substance will not prevent the escape of fluoride of silicon 
from silicates when exposed to a red heat (List|). 

Thus again, the amount of water in commercial iodine may be determined 
by triturating the iodine together with eight times the quantity of mercury, 
and drying the mixture at 100° (BoLLEy§). 

y. The Substance contains several differently combined quantities of Water 
which require different Degrees of Temperature for Expulsion. 

Substances of this nature are heated first in the water-batli, until their 
weight remains constant ; they are then exposed in the oil- or air-bath 
to 150, 200, or 250°, &c., and finally, when i)racticable, ignited over 
a gas- or spirit-lamp. In such experiments I prefer the apparatus, fig. od. 
The^ bulb-tube may be rejdaced by a tube of uniform width, in which 
slides a little porcelain boat for the reception of the substance. In order 
to prevent the dehydrated substance attracting water while on the balance 
the boat is always weighed in a corked glass tube. 

♦ Jahre8l>er, von Liebig u. Kopp, 1851, 610. 
t Ann. d. Cheio. u, Pharin., 53, 233. Ibid., 81, 189. 

§ Dingler’s Polyt. Journ., 126, 39, 
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In this manner differently combined quantities of water may be dis- 
tinmiislied, and their respective amounts correctly estimated. Thus, lor 
instance, crystallized sulphate of copper contains 28*87 per cent, of water, 
which escapes at a temperature below 140®, and 7*22 per cent., which 
escapes only at a temperatTire between 220 and 2G0“. It is oft(;n 
advisable to assist the action of heat by rarefication of the air. Thus 
sulphate of magnesia, when dried in vacuo ^ over sulphuric acid at 100°, 
loses 5 eq. water; dried in the air at 132®, it loses the sixth, and at a 
moderate red heat, the seventh ecjuivalcnt of water. 

1. When the substance has a tendena/ to absorb oxygen (from the pre- 
sence of protoxide of iron, for instance) the water is better determined in the 
direct way, than by the loss. (§ 3G.) 

§ sc. 

b. Estimation of Water by Direct Weighing. 

Tliis method is resorted to by way of control, or in the case of substances 
which, upon ignition, lose, besides water, other constituents, which cannot 
1)0 retained even by the addition of some other substance {e.g., carbonic 
acid, oxygen), or in the case of substiinces containing bodies inclined to 
oxidation (e.//., protoxide of iron). The principle of the method is to expel 
the Avater by the application of a red heat, so as to admit of the condensa- 
tion of the aqueous vapor, and the collection of the condensed water in 
an appropriate ap 2 )aratus, partly j)hysically, partly by the agcnioy of some 
hygroscopic substance. The increase in the weight of this apparatus re- 
I)resents the quantity of the Avater expelled. 

The operation may l)e conducted in various ways ; the folloAving, how- 
ever, is one of the most appropriate : — 



Fig. 40. 

represents a gasometer filled with air ; b a flask half filled with con- 
centrated sulphuric acid ; c and a o are chloride of calcium tubes ] d is sl 
bulb-tube. 

The substance intended for examination is weighed in the perfectly dry 
ube (/j Avliich is then connected with c and the Aveighed chloride of calcium 
a 0 , by means of sound and well-dried perforated corks. 

, ^ . operation is commenced by opening the stop-cock e a little, to allow 
e air, which loses all its moisture in b and c, to pass slowly through d ; 
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the tube d is then heated to beyond the boiling-point of water, by 
holding a lamp towards J\ taking care not to burn the cork ; and finally, 
the bulb which contixins the substance is exposed to a low red heat, tliy 
temperature at f being maintained all the while at the jioint indicated, 
When the expulsion of the water has been accomplished, a slow current oi 
air is still kept up till the bulb-tube is cold ; the apparatus is then discon- 
nected, and the chloride of calcium tube a o, weighed. The increase in 
the weight of this tube represents the quantity of water originally present 
in the substance examined. 

The empty bulb in which the greater portion of the water collects, 
has not only for its object to prevent the liipielaction of the cliloride ot 
calcium, but enables the analyst also to test the condensed water as to its 
reaction and purity. 

The apparatus may, of course, be modified in various way^s; thus, tlie 
chloride of calcium tubes may be U-shaped ; a U-tube, filled with pieces ct 
pumice-stone saturated with sulphuric acid, may be substituted for thetlask 
with sulphuric acid ; and the gasometer may be replaced by an aspirator 
(fig. 32) joined to o. 

The expulsion of the aqueous vapor from the tube containing the siil)- 
stance under examination, into the chloride of cjdcium tube, may be 
effected also by other means than a current of air sup[)licd by a gasometer 
or aspirator ; viz., the substance under examination may be heated to 
redness in a perlectly dry tul)e, together with carbonate of lead, since the 
carbonic acid of tlie latter, escaping at a red heat, serves here the same 
purpose as a stream of air. This method is principally applied in cases 
where it is desirable to retain an acid which otherwise would volatilize to- 
gether with the water ; thus, it is applied, for instance, for the direct esti- 
mation of the water contained in the bisulphate of potassa, &c. 



Fig. 41. 


Fig. 41 represents the disposition of the apparatus. 
a b is a common combustion furnace ; c f i\ tube filled as follows ; — from 
c to d with carbonate of lead,* from d to e the substance intimately niixml 
with carbonate of lead, and from e to / pure carbonate of lead. The 
chloride of calcium tube r/, being accurately weiglicd, is connected with the 
tube e by means of a well-dried perforated cork, f, 

Th^ operation is commenced by surrounding the tube with red-hot 
charcoal, advancing from f towards c ; the fore part of the tube whid' 
protrudes from the furnace should be maintained at a degree of heat whicli 
barely permits the operator to lay hold of it with his fingers. All further 
particulars of this operation will be found in the chaj)ter on organic ele- 
mentary analysis. The mixing is performed best in the tube with a wir^' 
The tube c f may be short and moderately narrow. 

The volatilization of an acid cannot in all cases be prevented by oxide oi 
lead ; thus, for instance, we could not determine the water in crystalliz<^^ 
boracic acid by the above process. This could readily be done, however, 
by igniting the acid mixed with excess of dry carbonate of soda in a 

* The carbonate of lead must have been previously ignited to incipient decompo**'’ 
tion, and cooled in a closed tube. 
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tube drawn out behind in tlie form of a beak, receiving the water in a 
chloride of calcium tube, and transferring the final residue of aqueous vapor 
into the Ca Cl-tube by suction, after the point of the beak lias been broken 
off. (See Organic Analysis.) 

The foregoing methods for the direct estimation of water do not, how- 
ever, yet embrace all cases in which those described in § 35 are inap- 
plicable ; since they can be em])loyed only if the substances escaping along 
with the water are such as will not wholly or partly condense in the 
chloride of calcium tube (or in a hydrate of poUissji tube, or one filled with 
pumice-stone saturated with sulphuric acid, which might be used instead). 
Thus they are perfectly well adapted for determining the water in the basic 
! carbonate of zinc, but they cannot be applied to determine the water in 
sulphate of soda and ammonia. With substiinccs like the latter, we must 
either have recourse to the processes of organic elementary analysis, or w'e 
must rest satisfied with the indirect estimation of the water. 

§ 37. 

3. Solution of Substances. 

Before pursuing the analytical process further, it is in most cases neces- 
sary to obtain a solution of the substance. This operation is simple 
where the body may be dissolved by direct treatment with water, or acids, 
or alkalies, &c . ; but it is more complicated in cases where the body requires 
ilu.xing as an indispensjible preliminary to solution. 

When we have mixed substances to operate iq)on, the component parts 
ol which behave differently with solvents, it is not by any means necessary 
to dissolve the whole substance at first; on the contrary, the sej)aration may, 
m such cases, be often effected, in the mo.st simple and expeditious manner, 
by the solvents themselves. Thus, for instance, a mixture of nitrate of 
I)otassa, carbonate of lime, and sulphate of baryta, may be readily and ac- 
curately analysed by dissolving out, in tlie first place, the nitrate of potassa 
with water, and subsequently the carbonate of lime by hydrochloric acid, 
leaving the insoluble sulphate of baryta. 


§ 38. 

a. Direct Solution. 

The direct solution of substances is effected, according to circumstances, 
in beakers, flasks or dishes, and may, if necessary, be promoted by the 
application of heat ; for which purj)ose the water-bath will be found most 
convenient. In cases where an open fire, or the sand-bath, or an iron- 
P I® resorted to, the analyst must take care to guard against actual 
n iillition of the fluid, since this would render a loss of substance from 
spirting almost unavoidable, especially in cases where the jiroccss is con- 
ducted in a dish. Fluids containing a sediment, either insoluble, or, at 
east, not yet dissolved, will, when hftited over the lamp, often bump and 
sput even at temperatures far short of the boiling-point. 

n cases where the solution of a substance is attended with evolution 
® gas, the process is conducted in a flask, placed in a sloping position, 
t at the spirting drops may be throwm against the walls of the vessel, 
an thus secured from being carried off with the stream of the evolved 
gas, or it may be conducted in a beaker, covered with a large-sized 
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watch-glass, which, after the solution is effected, and the gas expelled hy 
heating on the water-bath, must be thoroughly rinsed with the washing 
bottle. 

In cases where the solution has to be effected by means of concentrated 
volatile acids (hydrochloiic acid, nitric Jicid, aqua regia), the operation 
should never be conducted in a dish, but always in a flask covered with a 
watch-glass, or placed in a slanting position, and the appliciition of too high 
a temperature must be avoided. The operation should always be con- 
ducted also under a hood, with proper draught, to carry off the escaping acid 
vapors. In my own laboratory, I use for the latter purpose the following 
simple contrivance : a leaden pipe, permanently fixed in a convenient posi- 
tion, leads from the working table through the wall or the window-frame 
into the open air. The end in the laboratory is connected with one of the 
mouths of a two-necked bottle which contains a little water. The other month 
of the bottle is closed with a perforated cork, bearing a firmly-fixed glass 
tube bent at a right angle; the portion of the tube whicli enters the 
bottle must not dip into the water. The solution-flask being now closed 
with a perforated cork, or an india-rubber cap, bearing a glass tube, con- 
nected by means of india-rubber, with the bent tube in the double-necked 
bottle, the vapors evolved are carried out of the hiboratory without tlie 
least iiKJonvenience to the operator ; moreover, no receding of fluid upon 
cooling need be apprehended. Instead of conveying the vapors away 
through a tube leading into the open air, a conical ghiss-tube filled with 
})ieces of l)roken gla.ss, moistened with water or solution of carbonate of 
soda, may be fixed on the second mouth of the double-necked bottle. I, 
however, prefer the other method. In some cases, it is advisable also to 
conduct the escaping vapors into a little water, and, when solution has been 
effected, make the water recede by withdrawing the lamp, since this will, 
at the Stime time, serve to dilute the solution ; care must be taken, how- 
ever, t(j guard against a premature receding of tlic water in consequence of 
an accidental cooling of the solution flask. 

It is often necessary, in conducting a process of solution, to guard against 
the action of the atmosplieric oxygen ; in such cases, a slow stream of 
carbonic acid is transmitted through the solution-flask ; in some cases it 
is sufficient to expel the air, by simply first putting a little bicarbonate 
of soda into the flask, containing an excess of acid, before introducing the 
substance. 

§ 39. 

h . Solution, preceded by Fluxing. 

Substances insoluble in water, acids, or aqueous alkalies, usually 
require decomposition by fluxing, to prepare them for analysis. Sub- 
stances of this kind are often met with in the mineral kingdom ; most 
silicates, the sulphates of the alkaline earths, chrome ironstone, &c., belong 
to this class. 

The object and general features of the process of fluxing have already 
been treated of in the qualitative part of the present work. The special 
methods of conducting this important operation will be described hereafter 
under “ The analysis of silicates,” and in the proper places ; as a satisfactory 
description of the process, with its various modifications, cannot well be 
given without entering more minutely into the particular circumstances of 
the several special cases. 

Decomposition by fluxing often requires a higher temperature than is 
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Bttiiinublc with a spirit-lamp with double draught, or with a common gas- 
lamp. In such cases, the glass-blower’s lamp, fed with gas, is used with 
advantage. 

§ 40 . 

4. Conversion of the dissolved Substance into a wetghable Form. 

The conversion of a substance in a state of solution into a form adapted 
for weighing may be effected either by evaporation or by precipitation. 
The former of these operations is applicable only in cases where the snV)- 
staiice, the w^eight of which we are desirous to ascertain, either exists 
already in the solution in the Ibrm suitable for the determination of its 
weight, or may be converted into such form by evaporation in conjunction 
w'ith some reagent. The solution must, moreover, contain the substance 
iinmixed, or, at least, mixed only with such bodies as are expelled by 
evaporation or at a red-heat. Thus, for instance, the amount of sulphate 
of soda present in an aqueous solution of that substance may be ascer- 
tained by simple evaporation ; whilst the carbonate of potassa contained 
in a solution had always better be converted into chloride of jiotassiuni, 
by evaporating with solution of chloride of ammonium. 

Precipibition may always bo resorted to, whenever the substance in 
solution admits of being converted into a combination which is insoluble in 
tlie menstruum present, provided that the precipitate is lit lor determination, 
wliich can never be the case unless it can be washed and is of constant 
composition. 

§ 11 . 

a. Evaporation. 

In processes of evaporation 
for pharmaceutical or technico- 
chemical purposes the principal 
object to be considered is saving 
ot time and fuel ; but in evapo- 
rating processes in quantitative 
analytical researches this is 
merely a subordinate point, and 
the analyst has to direct his 
principal care and attention to 
the means of guarding against 
loss or contamination of the 
substance operated upon. 

The simplest case of evapo- 
ration is when we have to con- 
('cntrate a clear Jluidy without 
^(irryimj the process to dryness. 

To effect this object, the lluid 

poured into a basin, which 
should not be filled to more 
than two-thirds. Heat is then 
•applied by placing the basin 
mther on a water-bath, sand- 
. ‘ith, common stove, or heated 
^^on plate, or over the flame of 
^ or spirit-lamp, care 

. taken always to guard 



Fig. 42. 
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against actual ebullition, as this invariably and unavoidably leads to 
loss from small drops of fluid spirting out. Evaporation over a gas- 
or spirit-lamp, when conducted with pro])er care, is an expeditious 
and cleanly process. Bunsen’s gas-lamp (sec fig. 42), which has 
already been described in^thc “ Qualitative Analysis,” may be used most 
advantageously in operations of this kind ; a little wire-gauze cap, 
loosely fitted upon the tube of the lamp, is a material impiovemeiit. 
By means of this simple arrangement it is easy to produce even the 
smallest flame, without the least apprehension of ignition of the gas within 


If the evaporation is to be effected on the 
, water-bath, and the operator happmis to })()ssess 
a Beindore, or other similarly-constructed steam 
apparatus, the evaporating-dish may be pilaeed 
% simply into an opening corresponding in size. 

Otherwise recourse must be had to the water- 
■p. 43 bath, illustrated by fig. 4d. 

‘ It is made of strong sheet copper, and when 

used is half filled with water, which is kep)t boiling over a gas-, spirit-, 
or oil-lamp. The breadth from a to b should be from 12 to 18 cm, 
Various flat rings of the same outside diameter as the top of the bath, and 
adapted to receive dislies and crucibles of different sizes, are cssentiul 
adj uncts to the bath. These rings when required are simply laid on the 
bath. 

It will occasionally happen that the water in the bath completely evapo- 
rates without the operator being aware of it ; this is a great inconvenience, 
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as it will often occur, in such cases, that residues are heated to a lilgher 
dcf’-ree than desirable; that concentrated solutions spirt, &c. I laive, 
tlierefore, lately employed in my own laboratory, a water-bath with con- 
sUint level (see fig. 44). ^ 

The apparatus consists of a zinc vessel, a b c a, 10 cm. high, 12 cm. in 
i diameter; this is connected with the water-bath, by means of india- 
rubber, e, and a copper tube,/. A bottle, h i k /, made of sheet zinc, 
and filled with water, is inverted into the vessel abed-, the cylindrical 
part of the bottle is 17 cm. high, the diameter of the neck 3 cm. ; the true 
orifice of the bottle, which is 15 mm. wide, is at the beginning of the neck ; 
in the inverted position this orifice is closed by the valve, m. Upon in- 
verting the bottle into a h c d, the wire n, striking upon the bottom of 
the vessel, opens the valve. By raising or lowering tlie pillar-support o, 
it is easy to establish any desired level in (j, which will remain unaltered 
so long as there is any water left in the bottle. The tube / is bent down- 
ward in the water-bath nearly to the bottom. 

If the operator can conduct his processes of evaporation in a room set 
apart for the purpose, where he may easily guard against any occurrence 
tending to suspend dust in the air, he will find it no very difficult task to 
keep the evaporating fluid clean ; in this case it is best to leave the dishes 
uncovered.* But in a large laboratory, frequented by many people, or in 
a room exposed to draughts of air, or in which coal fires arc burning, the 
greatest caution is required to protect the evaporating fluid from contami- 
nation by dust or ashes. 

For this purpose the evaporating dish is cither covered with a sheet of 
filtering-paper turned down over the edges, or a glass rod twisted into a 
triangular shape (fig. 45) is laid upon it, and a 
sheet of filtering-paper s|)rcad over it, which is 
kept in position by a glass rod laid across, the 
latter again being kept from rolling down by the 
slightly turned up ends, a and h, of the triangle. 

The best way, however, is the following: — 45. 

Take two small thin wooden hoops (fig. 4G), one 
of which fits loosely in the other ; spread a sheet of blotting-paper over 
the smaller one, and push the other over it. This forms a cover admirably 
adapted to the purpose ; and whilst in no Avay 
interfering with the operation, it completely pro- 
tects the evaporating fluid from dust, and may 
he readily taken off; the paper cannot dip into the 
fluid ; the cover lasts a long time, and may, 
moreover, at any time be easily renewed. 

It must be borne in mind, however, that the common filtering paper 
contains always certain substances soluble in acids, such as lime, sesqui- 
oxide of iron, &c., which, were covers of the kind just described used over 
evaporating dishes containing a fluid evolving acid vapors, would infallibly 



Fig. 4t>. 



In my own laboratory, evaporating processes in quantitative researches are con- 
f k closets. The floor ami roof of these closets should be constructed 

** sandstone, and the walls of bricks, smoothly lined with plaster of Paris, 
the topmost part of the back wall is a horizontal channel of sufficient width, which 
a short distance opens into a separate Russian chimney. ISIo fire must ever be 
inade under this chimney; but it is most desirable to have it placed quite close to 
^Jiother chimney, which is kept constantly warm by a fire (that of the steam apparatus, 

• The front wall of the evaporating closet is formed of sand-stone pillars 

guteeu decimetres high, in which are fitted slitUng windows with wooden frames. 
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dissolve in these vapors, and the solution dripping down into the evapo- 
rating fluid, would speedily contaminate it. Care must be taken, there- 
fore, in such cases, to use only such filtering paper as has been freed bj 
washing from substances soluble in acids. 

Evaporation for the purpose of concentration may be effected also 
in flasks; these are only half filled, and placed in a slanting position. 
The process may be conducted on the simd-bath, or over a gas- or spirit- 
lamp, or even, and with equal prop)riety, over a charcoal fire. In cas('R 
where the operation is conducted over a lamp or a charcoal fire, it is the 
safest way to place the flasks on wire gauze. Gentle ebullition of the 
fluid can do no harm here, since the slanting position of the flask guards 
effectively against ri.sk of loss from the spirting of the liquid. Still better 
than in flasks the object may be attained by evaporating in tubulated 
retorts with open tubulure and neck directed obliquely upwards. The 
latter acts as a chimney, and the constant change of air thus effected is 
extremely favourable to evaporation. 

The evaporation of Jluids containing a precipitate is best conducted on 
the water-bath ; since on the sand-bath, or over the lamp, it is next to 
impossible to guard against loss from bumping, Tliis bumping is occa- 
sioned by slight explosions of steam, arising from the sediment impeding 
the uniform diffusion of the heat. Still there remains anotlier, thoiigli 
less siifc way, viz., to conduct the evaporation 
in a crucible placed in a slanting position, as 
illuvstrated in fig. 47. In this process, the 
flame is made to play upon the crucible above 
the level of the fluid. 

Where a fluid has to be evaporated to dni- 
ness, as is so often the case, the operation sliould 
always, if possible, bo terminated on the water- 
bath. In cases where the nature of the dis- 
.solvcd substance precludes the application of 
the water-bath, the object in view may often 
be most readily atbiined by heating the con- 
tents of the dish from the top, which is eflected 
by placing the dish in a proper position in a 
drying closet, whose upper jflate is heated by n 
flame (that of the water- or sand-bath) passing 
over it. If the substance is in a covered pin- 
tiiium dish or crucible, place the gas-lamp in 
such a po.sition that the flame may act on the cover from above. 

In cases where the heat has to be applied from the bottom, a method 
must be chosen which admits of an equal diffusion and ready regulation 
of the heat. 

An air-bath is well adapted for this purpose, i.e., a dish of iron plate, in 
which the porcelain or platinum dish is to be placed on a wire triangle, so 
that the two vessels may be at all points ^ to | inch distant from each 
other. The copper aj)})aratus, fig. 43, may also servo as an air-bath, 
although I must not omit to mention that this mode of application will in 
the end seriously injure it. If the operation has to be conducted over a 
lamp, the dish should be placed high above the flame ; best on wire gauze, 
since this will greatly contribute to an equal diffusion of the heat. Tim 
use of the sand-bath is objectionable here, because with that apparatus 
cannot reduce the heat so speedily as may be desirable. An iron pli^^ 
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eated by gas may perhaps be used with advantage. Rnt no matter 
rhicli method be employed, this rule applies equally to all of them ; tlnit 
be operator must watch the process, from the moment that the residue 
le-nns to thicken, in order to prevent spirting, by reducing the heat, and 
reaking the pellicles which Ibrm on the surface, with a glass rod, or a 
ilatinum wire or spatula. 

Saline solutions that have a tendency^ upon their evaporation,, to creep 
p the sides of the vessel, and may thus finally pass over the brim of the 
itter, thereby involving the risk of a loss of substance, should bo heated 
roiii the top, in the way just indicated; since by that means the sides of 
lie vessel will get heated sufficiently to cause the instantaneous evapora- 
ioii of tlic ascending liquid, preventing thus its overflowing the brim. The 
nconvenience just alluded to may, however, be obviated also, in most 
ases, by covering the brim, and the uppermost part of the inner side of 
he vessel, with a very thin coat of tallow, thus diminishing the adhesion 
letween the fluid and the vessel. 

In the CAise of liipiids evolving gas bubbles upon evaporating, particular 
aiition is required to guard against loss from spirting. The safest way is 
0 heat such liquids in an obliquely-placed flask, or in a beaker covered 
^itli a large watch-glass ; the latter is removed as soon as the evolution of 
ras bubbles has ceased, and the fluid that may have spirted up against it 
s carefidly rinsed into the glass, by means of a washing^bottlc. If the 
!va])oration has to bo conducted in a dish, a rather capacious one should 
)o selected, and a very moderate degree of heat applied at first, and until 
lie evolution of gas has nearly ceased. 

If a fluid has to be evaporated ivith exclusion of air, the best way is 
io place the dish under the bell of an air-pump, over a vessel with sul- 
)huric acid, and to exhaust ; or a tubulated retort may be used, through 
i\'hose tubulure hydrogen or carboni(5 acid is passed by the aid of a tube 
[lot quite reaching to the surface of the fluid. 

The 'material of the evaporating vessels may exercise a much greater 
influence on the results of an analysis than is generally believed. Many 
rather startling phenomena that are observed in analytical j)rocesscs may 
irise simply from a contamination of the evaporated liquid by the mate- 
rial of the vessel ; great errors may also spring from the same source. 

The importance of this point has induced me to subject it to a searching 
investigation (see Appendix, Analytical Experiments, 1 — 4), of which I 
will here briefly intimate the results. 

Distilled water kept boiling for some length of time in glass (flasks of 
Bohemian glass) dissolves very appreciable traces of that material. This 
IS owing to the formation of soluble silicates ; tlie particles dissolved con- 
sist chiefly of pohissa, or soda and lime, in combination with silicic acid. 
A much larger proportion of the glass is dissolved by water containing 
caustic or carbonated alkali ; boiling solution of chloride of ammonium 
also strongly attacks glass vessels. Boiling dilute acids, with the excep- 
bou, of course, of hydrofluoric and hydrofluosilicic acids, exercise a less 
powerful solvent action on glass than pure water. Porcelain (Berlin dishes) 

much less affected by water than glass ; alkaline liquids also exercise a 
nuich less powerful solvent action on porcelain than on glass ; the quantity 
dissolved is, however, still notable. Solution of chloride of ammonium acts 
on porcelain as strongly as on glass ; dilute acids, though exercising no very 
powerful solvent action on porcelain, yet attack that material more strongly 
bian glass. It results from these data, that in analyses pretending to a 
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high degree of accuracy, platinum or platinum-iridium or silver dislics 
should always be preferred. The former may be used in all cases wliere 
no free chlorine, bromine, or iodine is present in the fluid, or can be formed 
during evaporation. Fluids containing caustic alkalies may safely be 
evaporated in platinum, but not to the point of fusion of the residue. 
Silver vessels should never be used to evaporate acid fluids nor liquids 
containing alkaline sulphides ; but they are admirably suited for solutions 
of caustic and carbonated alkalies, as well as of most neutral salts. 


§ 42. 

We come now to imujhing the residues remaining upon the evapoj'afion 
of fluids. We allude here simply to such as are soluble in water ; those 
which are sei)aratcd by filtration will be treated of afterwards. Residues 
are generally weighed in the same vessel in which the evaporation lias been 
completed, for which purpose platinum dishes, from 4 to 8 cm. in diamoter, 
provided with light covers, or large platinum crucibles, are best adajited, 
since they are lighter than porcelain vessels of the siime capacity. 

However, in most cases, the amount of liquid to be evaporated is too 
large for so small a vessel, and its evaporation in portions would occupy 
too much time. The best way, in cjises of this kind, is to concentnite tlie 
liquid first in a larger vessel, and to terminate the operation afterwards in 
the smaller weigliing vessel. 

In transferring the fluid from the larger to tlio 
smaller vessel, the lip of the former is slightly greased, 
and the liquid made to run down a glass rod. (See 
%.48). 

Finally the large vessel is carefully rinsed with a 
washing- bottle, until a drop of the last rinsing leaves 
no longer a residue upon evaporation on a platinum 
knife. When the fluid has thus been transferred to 
the weighing vessel, the evaporation is completed on 
the water-bath, and the residuary substance finally 
ignited, pirovided, of course, it will admit of this pro- 
cess. For this purpose the dish is covered with a lid 
of thin platinum (or a thin glass plate), and then placed high over the 
flame of a lamp), and heated very gently until all the water which may still 
adhere to the substance is expelled ; the dish is now exj)osed to a stronger, 
and finally t6 a red-heat. (Where a gla.ss plate is used, this must, of 
course, be removed before igniting). In this case it is also well to make 
the flame play oblicpuely on the cover from above, so as to run as little risk 
as pDossible of loss by spirting. After cooling in a desiccator, the covered 
dish is weighed with its contents. When operating upon substances whieh 
decrepitate, such as chloride of sodium, for instance, it is advisable to 
expose them— after their removal from the water-bath, and pDreviously to 
the application of a naked flame — to a temperature somewhat abovo 
100 , either in the air-bath, or on a sand-bath, or on a common stove. 

If the residue does not admit of ignition, as is the case, for instance, 
with organic substonces, ammoniacal siilts, &c., it is dried at a temperature 
suited to its nature. In many cases, the temperature of the water-bath is 
sufficiently high for this purpose, for the drying of chloride of ammonium, 
for instance ; in others, the air or oil-bath must be resorted to. (See 
29 and 60). Under any circumstances, the desiccation must be continued 



Fig. 48. 
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I itil the substance ceases to suffer the slightest diminution in weight, after 
ncwed exposure to heat for half an hour. The dish should invariably 
3 covered during the process of weighing. 

If, as will frequently happen, we have to deal with a fluid containing a 
Kill quantity of a salt of potassa or soda, the weight of which we want 
ascertain, in presence of a comp«‘iratively large amount of a salt of 
tunonia, which has been mixed with it in the course of the analytical 
ocess, I prefer the following method. The sidirie mass is thoroughly 
iecl, in a largo dish, on the water-bath, or, towards the end of the 
■ocess, at a temperature somewhat exceeding 100®. The dry mass is 
en, with the aid of a platinum spatula, transferred to a small glass dish, 
^iiich is put aside for a time in a desiccator. The last traces of the 
^ilt left adhering to the sides and bottom of the large dish are rinsed off 
kith a little water into the small dish, or the large crucible, in which it is 
Intended to weigh the sjilt ; the water is then evaporated, and the dry 
pontents of the glass dish are added to the residue : the ammonia salts are 
how expelled by ignition, and the residuary fixed salts finally weighed. 
Should some traces of the saline mass adhere to the smaller glass dish, 
they ought to bo removed and transferred to the weighing vessel, with 
(ihe aid of a little pounded chloride of ammonium, or some otlier siilt 
of arnnionia, as the moistening again with water would involve an almost 
certain loss of substance. 


§ 43. 

i k Precipitation. 

: Precipitation is resorted to in quantitiitive analysis far more frequently 
than evaporation, since it serves not merely to convert substances into 
forms adapted for weighing, but also, and more especially, to separate tliem 
from one another. The principal intention in precipitation, for the purpose 
of quantitiitive estimations, is to convert the substance in solution into a 
form in which it is insoluble in the menstruum present. The result will, 
therefore, cceteris paribus^ be the more accurate, the more the precipitated 
body deserves the epithet insoluble, and in cases where precipitates are of 
the same degree of solubility, that one will sufler the least loss, which 
comes in contact with the smallest amount of solvent. 

Hence it follows, first, that in all ca.ses where other circumstances do 
Hot interfere, it is preferable to precipitate substances in their most inso- 
luble form ; thus, for instance, baryta had better be precipitated as sulphate 
flian as carbonate ; secondly, that when we have to deal with precipitates 
that are not quite insoluble in the menstruum present, we must endea- 
'vor to remove that menstruum, as far as practicable, by evaporation ; 
thus a dilute solution of strontia should be concentrated, before pro- 
ceeding to precipitate the strontia with sulphuric acid ; and, thirdly, that 
"hen we have to deal with precipitirtes slightly soluble in the liquid 
present, but insoluble in another menstruum, into which the former may 
e converted by the addition of some substance or other, we ought to 
endeavor to bring about this modification of the menstruum. Thus, 
er instance, alcohol may be added to water, to induce complete precipi- 
ition of chloride of platinum and ammonium, chloride of lead, sulphate 
hnie, &c. ; thus again, the basic phosphate of magnesia and ammonia 
J^nay be rendered insoluble in an aqueous menstruum by adding ammonia 
^ latter, &c. 
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Precipitation is generally effected in beakers. In cases, liowever, 
where we have to j)rccipitate from fluids in a state of ebullition, or 
where the precipitate requires to be kept boiling for some time witli 
the fluid, flasks or dishes arc substituted for beakers, with due regard 
always to the material of which they are made (see Evaporation, § 41, at 
the end). 

The separation of precipitates from the fluid in which they arc sus- 
pended, is eflected citlier by decantation or filtration^ or by both tliese 
processes jointly. But, before proceeding to the separation of the pre- 
cipitate by any of these methods, the operator must know whether tlie 
precipitant has been added in sufficient quantity, and whether the prccij)i- 
tato is completely formed. To determine the latter point, an accuralc 
knowledge of the properties of the various precipitates must be attained, 
which we shall endeavor to supply in the third section. To decide tlie 
former question, it is usually sufficient to add to the fluid (after the pre- 
cipitate has settled) cautiously a fresh portion of the precipitant, and to 
note if a further turbidity ensues. This test, however, is not infallible, 
when the precipitate has not the property of forming immediately ; as, I'or 
instance, is the case with phos|)ho-molybdate of ammonia. When this is 
apprehended, pour out (or transfer with a pipette) a small quantity of the 
clear supernatant fluid into another vessel, add some of the precipitant, 
warm, if necessary ; and after some time look and see whether a frcsli j)re- 
cipitate has formed. As a general rule, the precipitated liquid should be 
allowed to stand at rest for several hours, before proceeding to the se|)arii- 
tion of the precipitate. This rule ajiplies more particularly to crystalline, 
pulverulent, and gelatinous precipitates, whilst curdy and flocculent pre- 
cipitates, more particularly when the precipitation was effected at a boiling' 
temperature, may often be filtered off' immediately. However, we iniist 
observe here, that all general rules, in this res])ect, are of very limiteJ 
application. 

§ 44 . 

a Separation of Precipitates by Decantation. 

When a precipitate subsides so completely and speedily in a fluid that 
the latter may be decanted off perfectly clear ; or drawn off with a syphon, 
or removed by means of a pipette, and that the washing of the precipitate 
does not require a very long time, decantation is often resorted to for it? 
separation and washing ; this is the case, for instance, with chloride ol 
silver, rnetiillic mercury, &c. 

Decantation will always be found a very expeditious and accurate 
method of separation, if the process be conducted with due care ; it b 
necessary, however, in most cases, to promote the speedy and complete 
subsidence of the Jirecipitate ; and it may be laid down as a general rule, 
that heating the precipiUite with the fluid will produce the desired elfeet- 
Nevertheless, there are instances in which the simple application of 
will not suffice; in some cases, as with chloride of silver, for instance, agibi' 
tion must be resorted to ; in other cases, some reagent or other is to be 
added — hydrochloric acid, for instance, in the precipitation of mercurj) 
&c. We shall have occasion, subsequently, in the fourth section, 
discuss this point more fully, when we shall also mention the vessels best 
adapted for the application of this process to the various precipitates. 

After having washed the precipitate repeatedly with fresh quantities ol 
the proper fluid, until there is no trace of a dissolved substance to be 
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jetectcd in the last rinsings, it is placed in a crucible or dish, if not already 
[i a vessel of that description ; the duid still adhering to it is jxnired off 
^ fir as practicable, and the precipitate is then, according to its nature, 
ither simply dried, or heated to redness. 

A far larger amount of water being required for washing preci])itates 
y decantation than*on fdters, the former process can be expected to yield 
ccumte results only where the precipifcitcs are absoluteli/ insoluble, h'oi- 
he Slime reason, decantation is not ordinarily resorted to in cases where 
re have to determine other constituents in the decanted fluid. 

The decanted fluid must be allowed to stand at rest from twelve to 
iveiity-four hours, to make quite sure tliat it contains no particles of tlu; 
recipitate ; if, after the lapse, of this time, no precipitate is visible, the 
uid may bo thrown away ; but if a precipitate has subsided, this had 
etter be estimated by itself, and the weight added to the main amount ; 
le jirecipitate may, in such cases, be separated from the supernatant fluid 
y decantation, or by filtration, 
d 

I §,45. 

■ P. SErARATION OF PUECIIUTATES HY FILTRATION. 

I This operation is resorted to whenever decantation is inqiractlcablo, 
md, consequently, in the great majority of cases; jirovided always the 
irecij)itate is of a nature to admit of its being conqiletely freed, by mere 
cashing on the filter, from all foreign substances. Where this is not the 
ase, more particidarly, therefore, with gelatinous jirecijiitates, hydrate of* 
himina for instance, a combination of decantation and filtration is resorted 

0 (§ 48). 

aa. Filtering Apparatus, 

Filtration, as a process of quantitative analysis, is almost exclusively 
ifTocted by means of paper. 

Plain circular filters are most generally employed; ])laited filters are 
ndy occasionally used. Much depends uj)on the quality of the ])aper. 
yood filtering paper must possess the three following jiroperties :■ — 1. Jt 
mist completely retain the finest precipitates ; 2. It must filter rapidly ; and 
1- It must be as free as possible from any admixture of inorganic bodies, 
Hit morfe especially from sucli as are soluble in acid or alkaline fluids. 

It is a matter of some difficulty, hoAvever, to jirocure paper fully answering 
nese conditions. The Sivedish Jillerinfj with the watermark J, H. 

Hunktell, is considered the best, and, consequently, fetches the highest 
>rico ; but even this answers only the first two conditions, being by no 
iioans sufficiently pure for very accurate analyses, since it leaves iq^on 
ficmeration about 0'3 per cent, of ash,* and yields to acids perceptible 
Lices of lime, magnesia, and sesipiioxide of iron. For exact experiments 
t IS, consequently, necessary first to extract the paper with dilute hydro- 

1 eric acid, then to wash the acid completely out with water, and finally 
^ I ry the paper. In the case of very fine filtering paper, the best way 
0 perform this operation is to place the ready-cut filters, several together, 

a funnel, exactly the same way as if intended for immediate filtration ; 
®y are then moistened with a mixture of one part of ordinary pure 

dll the ash of Swedish filtering paper to consist of 63*23 silicic 

arts ^ ^ magnesia, 2*94 alumina, and 13*92 aesquioxide of iron, in 100 


n. 
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hydrocliloric acid with two parts of water, which is allowoxl to act on them 
for about ten minutes; after this, all traces of the acid are careftillj 
removed by washing the filters in the funnel repeatedly with warm water, 
The funnel being then covered with a piece of pa])er, turned over the edges, 
is put in a warm place until the filters are dry. Com^)are the instructien 
given in the “ Qual. Anal.,” Gth Ed., § 5, p. 7, on the preparation of 
'washed filters. Filter paper containing lead, and which is consequently 
blackened by sulphuretted hydrogen, should be rejected.* 

Iteady-cut filters of various sizes should always be kept on hand. Filters 
are either cut by circular patterns of pasteboard or tin, or, still better, 

by Mohr’s filter-patterns (fig. 49). 
This little apparatus is made of 
tin-plate, and consists of two parts;. 
B is a quadrant fitting in A , wliose 
straight edges are turned up, and 
which is slightly smaller than B. 
The sheets of filter-paper are first 
cut up into squares, which arc folded 
in quarters and placed in A ; tlien 
B is placed on the top, and the free 
ifdge of the paper is cut off with scissors. Filters cut in this way are })cr- 
Tectly circular and of equal size. 

Several pairs of these patterns of various sizes (3, 4, 5, 0, G'5, and 8 cm, 
radius) should be procured. In taking a filter for a given operation, you 
should always choose one whicli, after the fluid lias run through, will not 
be more than half filled with the precijiitate. 

7\s to the funnels, they should be inclined at the angle of GO®, and not 
bulge at the sides. Glass is the most suitable material for them. 





The filter should never protrude beyond the funnel. It should coin‘d 
Up to one or two lines from the edge of the latter. 

* Wicke, Annal. d. Chem. u. Pharm, 112, 127. 
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The filter is firmly pressed into the funnel, to make the paper fit closely 
L the side of the latter ; it is tlien moistened with water ; any extra water 
[s not poured out, but allowed to drop through. 

I The stands shown in figs. 50 and 51 complete the apparatus for 
feltering. 

I The stand in fi^50 is more particularly adapted for the reception of 
larger funnels, and should therefore be made a little more solid than that 
til hg. 51, which is intended for the reception of funnels of smaller size. 

I The stands are made of solid hard Avood. The arm holding the funnel 
tr funnels must slide easily up and down ; and be fixable by the screw, 
idle holes for the funnels must be cut conically, to keep the funnels steadily 
jn their place. 

I These stands are very convenient, and may be readily moved about 
'wuthoiit interfering with the operation. 


hh. ItULES TO BE OBSERVED IN THE PROCESS OF PlLTRATION. 

Tn the case of curdy, flocculcnt, gelatinous, or crystalline precijhtates 
there is no danger of the fluid passing turbid through the filter. But 
Avith fine pulverulent jirecipitatcs it is generally necessan/ and ahvays 
udvmthle^ to let the precipitate subside, and then filter the sujicrnatant 
liquid, before proceeding to place the ])recipitate upon the filter. We 
generally jiroceed in this Avay also Avith other kinds of precipitates, espe- 
cially Avith those that require to stand long before they completely separate. 
Precipitates Avhich have been throAvn doAvn hot, arc most properly filtered 
off before cooling (j)rovide(l always there l)e no objection to this course), 
since liot fluids run through the filter more s])eedily than cold ones. Some 
precipitates have a tendency to l)e carried through the filter along Avitli the 
fluid; this may be prevented in some instances by modifying the latter. 
Thus sulphate of baryta, Avdien filtered from an axpieous solution, passes 
rather easily through the filter — the addition of hydrochloric acid or 
chloride of ammonium jirevents this in a great measure. 

If the operator finds, during a filtration, that the filter Avould be much 
more than half filled by the precipitate, he had better use an additional 
filter, and thus distribute the precipitate over the two; for, if the first 
’were too full, the precipitate could not be properly washed. 

'i^he fluid ought never to be poured directly upon the filter, Imt ahvays 
doAvn a glass rod (as shoAvn in fig. 48), and the lip or rim of the vessel 
from Avhich the fluid is poured should always be slightly greased with 
tallow.* The stream ouglit iiiAmriably to be directed towards the sides of 
the filter, never to the centre, since this might occasion loss by splashing. 
bi cases Avhere the fluid has to be filtered off, Avith the least possible disturb- 
ance of the precipitate, the glass rod must not be jilaced, during the inter- 
Jals, in the vessel containing the precipitate; but it may conveniently 
^e^put into a clean glass, Avhich is finally rinsed Avith the wash-Avater. 

The filtrate is received either in flasks, beakers, or dishes, according to 
lie various purposes for Avliich it may be intended. Strict care should be 
hiken that the drops of fluid filtering through glide doAvn the side of the 
deceiving vessel ; they should never be alloAved to fall into the centre of 

I'li'llow should be poured into a glass tube, corked at tlie bottom. As it is 
Tiued for uf^e the cork is pushed with a. glass rod. The best way of applying the 
■i’* ow to the lip of a vessel- is w itli the greased fi«ger< 

F 2 
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the filtrate, since this again might occasion loss by splasliing. Tlie Ihm 
method is that sliown in fig. 5(), viz., to rest tlie point of tlic I'unnel agains; 
tlie iij)pcr part of the inside of the receiving vessel. 

If the process of filtration is conducted in a place perfectly free fioni 
dust, tliere is no necessity to cover the funnel, nor the vessel receiving tlie 
filtrate ; however, as this is hut rarely the case, it is g *eraily indispensablt; 
to cover both. This is best effected Avith round plates of sheet-glass. 
The plate used for covering the receiving vessel should have a small 
U-shaped piece cut out of its edge, large enough for the funnel-tube to 
go through. The effect desired may be produced by cautiously chi|)piii.r 
out the glass bit by bit with the aid of a key. Plates perforated in the ceiitii' 
are worthless as regards the object in view. 

After the fluid and precipitate have been transferred to the filter, ;ni(l 
the vessel which originally contained them has been rinsed re])eatedly witli 
water, it happens generally that small particles of the precipitate reimiiii 
adhering to the vessel, which cannot be removed with the glass rod. From 
beakers or dishes, these particles may be readily removed by means ol a 
feather prepared for the purpose by tearing off nearly the whole ol the 
plumules, leaving only a small piece at the end wliich should be cut pei- 
fectly straight. From flasks, minute portions of h(;avy priicipitates Avliicli 
are not adherent, arc readily removed by bloAving a jet of water into the 
flask, held inverted over the funnel ; this is ellected by means of the 
washing-bottle shown-in fig. 5d, the outer end of the tube dipping in the 
Avater being turned upward instead of downward as in the cut. If the 
minute adhering {)arti(;les of a ])recij)itate cannot be removed l)y mechanical 
means, solution in an ap[)ropriate menstruum must be resorted to, followed 
by re-precipitation. Ifodies for Avhich Ave possess no solvent, such as 
sulphate of baryta, for instance, must not be precipitated in flasks. 


§ 47 . 

cc. Washing of Pheoipitatks. 

After having transferred the precipitate com[)letely to the filter, avc have 
next to perform the operation of washing; this is effected by means ol'oiie 
of the well-knoAvn Avashing -bottles, of which 1 j)reler the one represented 
in fig. 5d in every respect. 



Fig. 52. Fig- 53. 


Fig. 64. 


Care must always be taken to properly regulate the jet, as too impetuous 
a stream of water might occasion loss of substance. 
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48.] 

In cases wlierc a precipitate has to he washed with great caution, the 
^p])aratiis illustrated in fig. 54 will be found to answer very well. 

5 Tlie construction of this apparatus docs not rerpiire niuch explaining, 
plie point a is drawn out at the end, and broken off. When the flask is 
^verted, it supplies a fine continuous jet of water. 

[ Precipitates recpiiring washing with water, are washed most expeditiously 
Ivith hot water, provided always there be no special reason against its use. 
The washing-bottle shown in fig. 53 is pjirticularly well adapted for this 
|)nrpose. The Avood handle Avhich is fastened to the flask with wire serves 
io facilitate holding it. Instead of a handle you may have a sulliciently 
hick coil of string wound round the neck. 

It is a rule in washing precijhtates not to add fresh Avash-Avater to the 
iltcr till the old has quite run through. In apj)lying the jet of Avater you 
lave to take care on the one hand that the upper edge of tlie filter 
s properly Avashed, and on the other hand that no canals are formed in the 
}rccipitato, through which the fluid runs off, Avithoiit coming in contact 
vith the Avhole of the precij)itjite. If .such canals have formed and cannot 
3 e broken up by the jet, the precipitate must be stirred cautiously with a 
iiiiall ])latinura knife or glass rod. 

The Avasliitig may be considered comj)h‘ted A\dien all soluble matter that 
s to be removed has been got rid of The beginner Avho devotes proper 
ittention to the completion of this o|)eration sliuns one of the rocks Avhich 
3e is most likely to encounter. Whether the precipitate has been com- 
pletely Avashed may generally be ascertained by sloAvly evaporating a drop 
)l'thG last Avashings upon a])latinum knife, and observing if a residue is lelt. 
But in cases Avhero the precipitate is not altogether insolidjle in water 
sulphate of strontia, for instance), recourse must be had to more special 
«stH, Avliicdi Ave shall have occasion to point out in the course of the work. 
The student should never dis<!ontinue the Avashing of a precipitate becaus(^ 
le simply imaffims it is finished — he must be certain. 

Some time ago continuous Avashing bottles used to be employed for 
protracted Avashings. P>ut they have noAV com])letely fallen into disuse in 
inalytical laboratories, ])recipitates Avhich are dillicult to Avash being treated 
IS described in § 48. The objections to the use of the continuous Avashing- 
^ottle* are the folloAving: canals are liable to be formed in the preci|)itate, 
p. very large (piantity of Avashing-Avatcr is required, and the employment 
pi hot AViiter is (excluded. 

I § 48. 

I y. Separation of Precipitates ry Decantation and Filtration 

! COMBINED. 

In the case of precipitates which, from their gelatinous nature, or from 
the firm adhe|ion of certain coprccipitated salts, oppose insuperable or, at 
[ill events, considerable ob.stacles to perfect Avashing on the filter, the fbllow- 
method is resorted to. Let the precipitate subside as far as j)racticable, 
pour the nearly clear supernatant liquid on the filter, stir the precipitate 
lip ivith the washing fluid (in certain cases, Avhere such a course is 
indicated, heat to boiling), let it subside again, and repeat this operation 
i;ntil the precipitate is almost thoroughly Avashed. Transfer it now to the 
and complete the operation with the washing-bottle (see § 47). This 

ChemigtR interested in the construction of these apparatus are referred to the 

anUworterbuch der Chernie, 2 aufl., 2, 584-6. 
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method is highly to be recommended; there are many precipitates tliat 
can be thoroughly washed only by its application. 

In cases where it is not intended to weigh the precipitate washed by 
decantation, but to dissolve it again, the operation of wasliing is entirely 
completed by decantation, and the precipitate not even transferred to tlu; 
filter. The re-solution of the bulk of the precipitate being effected in tliy 
vessel containing it, the filter is placed over the latter, and the solvent 
passed through it. Althougli the termination of the operation of wasliinn 
may be usually ascertained by testing a sample of the washings for one of 
the substances originally present in the solution wliicli has to be removed, 
(for hydrochloric acid, for instance, with nitrate of silver), still there are 
cases in which tliis mode of proceeding is inapplical)lo. In such cases, and 
indeed in processes of w'ashing by decant^ition generally, Bunsen’s nietliod 
will be found convenient — viz., to continue the process of washing uniil 
the fluid which had remained in the beaker, after tlie first decantation, 
has undergone a ten thousand-f(>ld dilution. To effect this, measurii 
wdth a slip of paper the height from the bottom of this beaker to the sur- 
face of the fluid remaining in it, togetlier with the prcci])itate, after tlit; 
first decantation ; then lill the beaker with water, if ])Ossiblc, boiling, and 
measure the entire height of the fluid ; divide the length of the second 
column by that of the first. Go through the siune process each time yon 
add fresh water, and always multi])ly the quotient found with the nuinlju 
obtained in the preceding calculation, until you reach 10000. 

§ 40 . 

Further Treatment of Precipitates. 

Before proceeding to wcigli a precipitate, it still remains to convert it 
into a form of attcuratcly know’ii com])Osition. Tliis is done cither liv 
igniting or by drying. The latter proceeding is more jirotracted iiinl 
tedious than the former, and is, moreover, apt to give less accurate result' 
The process of drying is, therefore, as a general fide, applied only to jiw- 
ci})itates which cannot bear exposure to a red heat W’ithout undergoini; 
total or partial volatilization ; or Avhosc residues left upon igidtion have nt 
constant composition; thus, for instance, drying is resorted to in the case 
of sul])hide of mercury, sulphide of arsenic, and other metallic sulpliitle^: 
and also in the case of cyanide of silver, double chloride of platinuiii iual 
potassium, i^c. 

But whenever the nature of tlie precipitate sulphate of baryta, »ul' 
phate of lead, and many other conq)Ounds) leaves the operator at liberb 
to choose between drying and heating to redness, the latter process is aliuo't 
invariably preferred. 

§ 50 . 

aa. Drying of Pi'ccipitates, » 

When a precipitate has been collected, washed, and dried on a fiH*^''' 
minute particles of it adhere so firmly to the paper that it is found ii'*' 
possible to remove them. The weighing of dried precipitates involves 
therefore, in all accurate analyses, the drying and weighing of tlie ffb'J 
also. Formerly, chemists used two filters of equal size, the one 
within the other; after the precipitate had been dried, the outer filter 
taken off, and placed on the balance as a counterpoise to the inner filter 
.which contained the precipitate. It was at the time assumed that fiheu 
of equal size were likewise of equal weight. This assumption, howev^^i 
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inadmissible in accurate analyses, since every experiment shows that 

I en small lilters, of equal size, differ in weij^ht to the extent of twenty, 
irty, and even more milligrammes. To obtain accurate results, it is 
icessary to dry and weigh the filter before using it; the teinperatuia; 
which the filter is dried must be tlie Siime as that to which it is intended 
bsc(piently to expose the precipitate. Anotlier condition is that the hi- 
ring paper must not contain any substance liable to be dissolved by the 
lid passing through it. 

The drying is conducted cither in the water-, air-, or oil-bath, accord - 
in<r to the degree of heat reciuired. The weighing is performed in aclose(l 
jvcssel, mostly between two clasped Avatch-g busses (fig. TO), or in a platinum 
brucible. When the filter appears dry, it is placed between the warm 
watch-glasses, or in the warm {;ru(dblo, allowed to cool under a bell-glass, 
over sulphuric acid, and weighed. The reopened crucible or watch- 
glasses, together with the hlter, are then again exposed for some time to 
|the recpiired degree of heat, and, aller cooling, weighed once more. If 
[the weight does not differ from that Ibund at first, the filter may be con- 
isidered dry, and we have sinqdy to note the collective weight of the 
watch-glasses, clasp, and filter, or of the crucible and filter. 

After the washing of the precipitate has been concluded, and the Avater 
alloAved to run off as far as po-ssible, the filter Avith the ])rt!cipitate is takem 
olf the funnel, folded up, and placed U|K)n blotting-paper, Avhich is then 
kept for some time in a moderately Avarm place, protected from dust ; it is 
finally put into one of the Avatch -glasses, or into the uncovered j)latinum 
crucible, Avith which it Avas fir.st Aveighed, and exposed to the appropriaU; 
degree of heat, either in the Avater-, air-, or oil-bath. When it is judged 
that the prccipitiite is dry, the second Avatcli-glass, or the lid of the crucible 
is put on (with the clasp })ushed over the two in the former case), and the 
Avholo, after cooling in the desiccator, is Aveighed. The filter and the 
precipitate arc then again exposed, in the same Avay, to the p>roper drying 
temperature, allowed to cool, and Aveighed again, the siime process being 
repeated until the weight remains constant or varies oidy to the extent 
I of a few deci-milligranimes. By subtracting from the Aveight found the 
I tare of the crucible or watch-glasses and filter, Ave obtain the weight of 
I the dry precipitate. 

^ It happens sometimes that the precipitate nearly fills the filter, or retains 
a considerable amount of Avater ; or sometimes the paper is so thin that its 
removal from the funnel cannot Avell be elfccted Avithout tearing. In all 
such cases, the best Avay is to let the filter aiul precipitate get nearly dry 
ui the funnel, which niay be effected readily 

by covering tlie latter Avith a piece of blotting- <5*^^ ^ 

paper* to keep out the dust, and placing it, 
supported on a broken beaker (fig. 55), or WW 
some other ^gfsssel of the kind, on the steam- W|H 
•ipl^aratus or sand-bath, or stove, or on a ki iB Klj ’Jm 

leafed iron plate. For supports for funnels Jij M 

'vule drying lean recommend the little de- 
Yice, fig. consists of a holloAV frustum 

a cone open both ends, made of sheet 

filt down over the rim. Or more neatly as follows:— Wet a common cut 

^ or, stretch it over the ground top of the funnel, and then gently tear off the super- 
force* cover thus formed continues to adhere after drying with some 
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zinc. Two sizes may be used, 10 cm. and 12 cm. high respectively. Tli? 
lower diameter should be from 7 to 8, the upper from 4 to 6 cm. 


§51. 


hh. Ignition of Precipitates, 

It was customary formerly, in this process, to dry the precipitate witli 
the filter, then to scrape the latter clean and remove it, previously to 
heating the prccipiUite to redness. This j)roceeding was incvitiibly atteiHlwJ 
with the loss of the minute particles which, however so clean the filter 
may be scraped, will always adlicrc tx) it. Experience has shown that more 
accurate results are obtained if the filter is burned when the precipitate is 
ignited, and the weight of the filter ash subtracted Ifom the weight fomid. 

If care be taken to make the filters always of the same j)apcr, and to cut 
every size by a pattern, the (piantity of ash which each size yields upon 
incineration may be readily determined. It is necessary, howcv(!r, to 
iletermino separately the quantity of ash left by ordinary filters, and tliat 
left by filters which have l)een washed with hydrochloric acid and Avatcr: 
on an average the latter leave about half as much ash as the former. To 
determino the filter ash take ten filters (or iSn e<pial weight of cuttinfrs 
from the same paper), burn them in an obliquely-placed ])latinum cruciiile, 
and ignite until every trace of carbon is consumed ; then weigh the asli, 
and divide the amount found by ten ; the quotient expresses, with suf- 
ficient precision, the average quantity of ash which every individual filter 
leaves upon incineration. 

In the ignition ol’ ]n-ecipitatcs, the following four points have to be more 
particidarly regarded : 

1. No loss of substance must be incurred ; 

2. The ignited precijiitates must really be the bodies they are represented 
to be in the calculation of the results; 

8. TTie incineration of the filters must be complete ; 

4. The crucibles must not be attacked. 

T'he following two methods seem to me the simplest and most aj'pro- 
priate of all that liave as yet been proposed. The selection of eitlior 
depends upon certain circumstances, which I sliall immediately have occa- 
sion to point out. But no matter which method is resorted to, the pre- 
cipitate must always be thoroughly dried, before it can j)roj)erly be exposed 
to a red heat. The apjdication of a red heat to moist precipitates, more 
particularly to such as are very light and loose in the dry state (silicif 
acid, for instance), involves always a risk of loss from the impetuously 
esc;ai)ing aqueous vapors carrying away with them minute particles of the 
substance. Some other substances, as liydr.ate of alumina or hydrated 
sesquioxidc of iron, for instance, form small hard lumps ; if such linnp^ 
arc ignited while still moist within they are liable to fly about with great 
violence. The best method of drying precipitates as a preliminary W 
ignition is as described in § 50, the last paragrapli. 

Eespectiug the ignition, the degree of heat to be applied, and the dura- 
tion of the process must, of course, dep)end upon the nature of the pre- 
cipitate and upon its deportment at a red heat. As a general rule, 
moderate red heat, applied for about five minutes, is found sufficient to 
effect the purpose ; there are, however, many excc])tioiis to this rule wlmd> 
will be indicated wherever they occur. 

Whenever the choice is permitted between porcelain and platiimri 
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I rncibles, the latter are always preferred, on acconnt of their coinparative 
ghtiicss and infrangibility, and l)eeaiise they are more readily heated to 
cdiiess. The crucible selected should always be of sulficient capacity, as 
Sic use of crucibles deficient in size involves the risk of loss of substance, 
'he proper size, in most cases, is 4 cm. in height, and o-o cm. in diameter, 
'hat the crucible must be perfectly clean,, both inside and outside, need 
ardly be mentioned. The analyst should acrpiire the habit of cleaning 
nd polishing the platinum crucible always after using it. This should 
e done as recommended by Beuzei.ius, and lately also by Eimcmann, by 
■i(‘tion with moist sea-sand whose grains are all round and do not scratch, 
have found this method to answer extremely Avell. The sand is rubbed 
n with the finger, and the desired effect is produced in a few minutes, 
'he adoption of this habit is attended with the pleasure of always working 
hth a bright crucible and the profit of prolonging its existence. This 

t iode of cleaning is all the more necessjiry, when one ignites over gas- 
mips, since at this high temperature crucibles soon acquire a, grey coating, 

t hich arises from a superficial loosening of the platinum. A little scouring 
ith sea-sand readily removes the appearance in question, without causing 
iny notable diminution of the weight of the crucible. (Eudmann*). The 
foregoing remarks on platinum crucil)les refer equally to tliose of iridium- 
[)latinuni — which, by-thc-bye, are now much used, and very highly to be 
Recommended — only the restoration of the ])olish is someAvhat more dilli- 
cult with the latter, on account of the greater hardness of the alloy. If 
there are spots on the ])latinum or iridium-platinum (Tueil)les, whieh 
camiot be removed by tlie sand without wearing away too much of the 
a little bisulphate of potassa is fused in the crucible, the fluid mass 
Bhaken about inside, allowed to cool, and the crucible finally boiled with 
iv.'iter. There are two ways of cleaning cTiiciblcs soiled outsider ; either 
tlie crucible is placed in a larg(U' one, and the interspace tilled with bisul- 
phato of potassa, which is then heated to fusion ; or the crucible is placed 
on a platinum-wire triangle, licatcd to redness, and tluin sprinkled over 
ith powdered bisuljihate of potassji. Instead of the hisulphate you may 
Use borax. Never forget at last to polish tlio crucible with sea-sand again. 

When the crucible is clean, it is placed upon 
ft clean platinum-wire triangle (fig. 57), ignited, 
ftllowed to cool in the de.siccator, and weighed. 

I hi.s operation, though not indispens.'ible, is still 
ft '\ays advisable, that the weighing of the empty 
ftiid tlie filled crucible may be performed under as 
tic.irly as possible the same circumstances. The 
empty crucible may of course be weighed after 
‘G ignition of the precipitate; however, it is 
pieferable in most cases to weigh it before. The 
Ignition is eflectcd with a Beuzelius spirit-lamp 
or else in a mufHe. If a Bunsen’s 
jas- ariip is used, the perforated porcelain plate is previously put on. 
nt'^rr^ (see fig. 42) are provided for its supjiort. In ig- 

j^ing reducible substances over lamps, the analy.st must always be on 
guard against the contact of unconsumed hydrocarbons even in 
^nvered crucibles. When gas-lamps are used there is especial need of 
‘‘Ution in this respect. Reduction will be avoided if tlie flame is made 



Fig. 57. 


* Jouru. f. prakt. Cheiii., 79, 117. 
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110 larger than necessary, if the crucible is supported in the upper part (4 
the dame, and if, when the crucible is in a slanting position, it is iieuted 
from behind. 

We pass oil now to the description of the special methods. 


§ 52 . 

First Method. {Itjnition of the Precipitate with the Jultei .) 

This method is resorted to in cases where there is no danger of a reduc- 
tion of the precipitate by the action of the carbon of tlie liltcr. ihe mode 

of proceeding is as follows : — ^ i 

The perfectly dry lilter, with the precipitate, is removed from Uie lunncl 
and its sides are gathered together at the top, so that the precipitate le.^ 
enclosed as in a small bag. The lilter is now put into the crucible, wliidi 
is then covered and heated over a spirit-lamp with double draught 01 en i 
‘gas very gently, to effect tlie slow charring ot the filter; t ic covei is 
removed, 'the crucible placed oldi(iuely, and a stronger degree ol heat a], 
plied, until complete incineration of the lilter is ellcctcd ; the licl, wliidi 
had in the meantime best be kept on a porcelain plate, or m a porcelain 
crucible, is put on again, and a red heat applicnl lor soine tune ongei, il 
needed ; the crucible is now allowed to cool a little, and is then, win e »ti 
hot, thougli no longer red hot,* taken off with a pair of tongs oi braas u 
polished iron (ligs. hS and h'J), and put in the desiccator, where it is kli 
to cool ; it is finally weighed. 





illustrated in %. 60 . 


♦ Taking hold of a red hot crucible with brass tongs might cause the formation^ 
black rings round it. 
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It will occasionally happen tliat particles of tlie carbon of the filter obsti- 
jiatolv resist incineration. In such cases the operation may be iiromoted 
)y putting a small lump of lused, dry nitrate of ammonia into the crucible, 
)i;iciiut on the lid and apjdying a gentle heat at lirst, which is gradually 
jicreased. However, as this way of proceeding is apt to involve some loss 
)i‘ sulistance, its application shouhl not be made a general rule. 

■ In cases where the bulk of the precipitate is easily detached from the 
Biter, the preceding method is occasionally modified in this, tliat the pre- 
cipitate is put into the crucible, and the filter, with the still adhering jiar- 
tieles, folded loosely together, and laid over the preci])lhitc. In other 
respects, the operation is conducted in the manner above described. 


§ 53 . 


Skcond Method. (^Tijnition of the PrccipiUite apart from the Filter.) 


This method is resorted to in cases wdiere a reduction of the precipitate 
from the action of the carbon of the filter is a[)prehended ; and also wheni 
the ignited precipiitate is reipiircd for further examination, which the 
presence of the filter ash might embarrass. It may lie employed also, in- 
Btead of the first method, in all cases where the precipitate is easily deUichcd 
from tlie filter. The mode of proceeding is as IblloAvs: — 

The crucible intended to receive the precipitate is placed upon a sheet 
of glazed paper ; the perfectly dry filter with the [)recipitato is taken out 
of the fimiiel, and gently pressed together over the paper, to detach the 
precipitate from the filter; the precipitate is now shaken into tlie crucible, 
tmd the particles still adhering to the filter are removed from it, as far as 
practicable, by further pressing or gentle rul)l)ing together of the folded 
filter, and are then also transferred to the crucible. dMie filter is now 
Bpread open upon the sheet of glazed |)a])cr, and then folded in form of a 
little sipiare box, enclosed on all sides hy the parts turned up ; any minute 
particles of the precipitate that may have dropped on the glazed pa})er are 
brushed into this little box, with tlie aid of a small feather ; the box is 
closed again, rolled up, and one end of a long platinum wire spirally wound 
round it. The crucible being placed on or above a porcelain ])late, the 
little roll is lighted, and, during its combustion, held over the crucible, so 
that tlie falling particles of the precijiitate or filter ash may drop into it, 
or, at least, into the porcelain plate. In this way, and by occasionally holding 
the litde roll again in or against the flame, the incineration of the filter 
loadily and safely effected. When the operation is terminated, a slight 
H]) will suffice to drop the ash and the remaining particles of the precipi- 
Hte into the crucible, which is then covered, and the ignition completed 
in § 02. Where it is intended to keep the ash separate from tlie prcci- 
I'ltate, it is made to drop into the lid of the crucible, in which case it is 
^>etter to ignite the crucible with the principal portion of the precipitate 
method of incinerating the lilter, devised by IJunsen, is pre- 
t'ra lie to the method formerly in use, in wliich the filter, freed, as far as 
Hucticable, from the precipitate, was burnt either whole or cut up into 
® bits on the lid of the crucible, the operation being promoted when 
^ocessiiry by gently pressing the still unconsumed particles with a platinum 
^^ire, or platinum spatula, against the red-hot lid. No matter which method 
incineration is resorted to, the operation must always be conducted in a 
M entirely protected from draughts. 
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Certain precipitates suffer some essential modification in their properties, 
in their solubility, for instance, from ignition. In cases where a portiuii 
of a substance of the kind is required, after the weigliing, for some other 
purpose with which the effects of a red heat would interfere, the two o])e- 
rations of drying and igniting may be combined in the following way 
The prccipittite is collected on a filter dried at 100° ; it is then also dried, 
at 100°, and weighed (§ 50). A [lortion of the dry precipitate is put into 
a tared crucilde, and its exact weight ascertained ; it is then exjiosed to ;i 
red heat, allowed to cool in the usual way, and weighed again ; the dinii- 
mition of weight which it has undergone is calculated on the whole amuiint 
of the preci])itate. 

§ 

5. Analysis by Measure (Volumetric Analysis). 

The principle of volumetric analysis has been explained already in tli' 

Introduction,” where we have seen how the quantity of jirotoxide oi 
iron jireseiit in a fluid may be determined by means of a solution ol’ per- 
manganate of [lotassji, the value of which has been previously ascertaiiiol 
l)y observing the quantity reipiired to oxidize a known amount of protoxiik 
of iron. 

In order to make the matter as clear as possible I will licrc adduce a low 
more examples. 

Suppose wo have prepared a solution of chloride of sodium of suclia 
strength that 100 c. c. will exsuttly [)recij)itate 1 grin, silver from its solu- 
tion in nitric acid, ^ve can use it to estimate unknown quantities of silver, 
Let ns imagine, for instance, we have an alloy of silver and copper in un- 
known proportion, we dissolve 1 grin, in nitric acid, and add to the sohitioii 
our solution of chloride of sodium, drop by drop, until the whole ol‘ tie 
silver is thrown down, and an additional drop fails to produce a furtlur 
precipitate. The amount of silver present may now be calculated from 
the amount of solution of chloride of sodium used. Thus, siq)posine!; ve 
have used 80 c. c., tlie amount of silver present in tlie alloy is 80 per cent, ; 
since, as 100 c. c. of tlie solution of chloride of sodium will throw down 
1 grin, of pure silver (/.c. of 100 pier cent.), it follows that every c, c. m 
the chloride of sodium solution correspionds to 1 pier cent, of silver. 

Another cxampile. It is well known that iodine and sulpihurettel 
hydrogen cannot exist together : whenever these two substances are brou^li^ 
in contjict, decompiosition immediately ensues, the hydrogen sepiaratiim' 
from the sulpihiir and comliining with the iodine (I -f 118 = 111 + 8). H}' 

driodic acid exercises no action on starch-piaste, whereas the least trace 
free iodine colors it blue. Now, if we prepare a solution of iodine (ii> 
iodide of piotassium) containing in 100 c. c. 0'7470 grm. iodine, we iu;iy 
with this decompose exactly OT grm. sulpiliuretted hydrogen 
17 : 127 :: OT ; 0-7470. Let us sup)p:)Ose, then, we have before us a 
containing an unknowiL amount of sulphuretted hydrogen, which it is 
intention to determine. Wo add to it a little starch-paste, and then, 
by drop), our solution of iodine, until a piersisteiit blue coloration of 
fluid indicates the formation of iodide of starch, and hence the coinp’k'^^ 
decomposition of the sulphuretted hydrogen. The amount of the Intt^ 
originally piresent in the fluid may noAv lie readily calculated from 
amount of solution of iodine used. Say, for instance, we have used 50 c. ^ 
of iodine solution, the fluid contained originally 0-05 sulpiliuretted hydrogt?i>' 
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aiu'o, us WG hnvG seen, 100 c. c. of our iodine solution will dceoinposo 
lx.u'tly 0-1 grin, of that body. 

i Solutions of accurately known composition or strength, used for the 
>ur[)usos of volumetric analysis, are calle<l standard solniions. Tlu^- 
nay be prej)ared in two ways, viz., («) by dissolving a weighed ipiantity 
if a substiince in a definite volume of iluid ; or (6), by first ])rop:irin'i‘ a 
uitably concentrated solution of the reagent required, and tlieu deter- 
nining its exact strength by a series of experiments made with it u]m)u 
la-ighed quantities of the body fgi* the determination of which it is intended 

0 be used. 

Ill tlic preparation of standard solutions by method «, a certain definite 
trength is adopted once for all, which is usually based upon the principle 
fan e.xact correspondence between the number of grammes of the reagent 
oiitained in a litre of the fluid, and the equivalent number of the reagent 
H 1). In the case of standard solutions jireparedby method b, this may 
Iso be easily done, by diluting to the rcipiired degree the still somewhat 
X) concentrated solution, after having accurately determined its strength; 
owever, as a rule, this latter proce.ss is oidy resorted to in technical ana- 
i’ses, where it is desirable to avoid all calculation. Fluids which contain 
Ih' eq. number of grammes of a substance in I litre, are called normal 
'jhitions; those which contain of this quantity, decinormal solutions. 

1 The determination of a standard solution intended to be used for vohi- 
hetric analysis is obviously a most important operation ; since any error 
In tliis will, of course, necessarily falsify every analysis made with it. In 
Iciojitilit; and accurate researches it is, therefore, always advisable, wlien- 
|ver practicable, to exainine the standard solution — no matter whether 
kepared by method or l)y method />, with subsequent dilution to the 
leqmred degree — by experimenting with it upon accurat(‘ly weighed quan- 
ities of tlie body for the det(;rminatioii of which it is to be used. 

In the })revious remarks I have made no diirerence between fluids of known 
imposition and those of known power; and tins has hitherto been usual. 
8ut by accepting the two ex})ressions as synonymous, we take i'or grantcid 
' lat a fluid exc'.rcises a chemical action exactly corresponding to the amount 
► dissolved substance it contains — that, for instance, a solution of chloride 
sodium containing 1 eq. Na Cl will prcci})itate exactly 1 eq. silver. 
Ins presumption, however, is very often not absolutely correct, as will Ixi 
mwu with reference to this very example, § 115, b, 5. In such cases, of 
0ur.se, i.s it not merely advisable, but even absolutely ncccs.sary, to deter- 
Qine the strength of the fluid by ex])eriment, although the amount of the 
tagi'iit it contains may be exactly known, for the power of the fluid can 

0 inierred from its composition only approximately and not witli perfect 
xaetnes.s. If a standard solution keei)S unaltered, this is a great ad van - 
ge, as it dispenses with the necessity of determining its strength Ixd’ore 

fre.sh analysis. o 

^^I hat particular change in the fluid operated upon l)y means of a standard 
^fU ion which marks the completion of the intended decompo.sition, is 

1 tT‘ KEACTiON. This consists either in a change of co/o/*, as 

cil H when a solution of permanganate of potas.sa acts upon an 

ioi/ f protoxide of iron, or a solution of iodine upon a solu- 

f U ^ ®^"P^^ur^tted hydrogen mixed with starch pa.ste; or in the cessation 
ilutb ^ precipitate upon further addition of the standard 

sed ^use wlien a standard solution of chloride of sodium is 

precipitate silver from its solution in nitric acid ; or in incipient 
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precipitation^ as is the case wlicn a standard solution of silver is added to 5 
solution of hydrocyanic acid mixed with an alkali ; or in a change in 
action of the examined fluid upon a particular reagent^ as is the case avLoi 
a solution of arsenite of soda is added, droj) by drop, to a solution of dlo- 
ride of lime, until the mixture no longer imparts a blue tint to paper 
moistened with iodide of potassium and starch-paste, &c. 

The more sensitive a final reaction is, and the more readily, positively, 
and rapidly it manifests itself, the better is it calculated to serve as the 
basis of a volumetric method. In cases^^where it is an object of great 
importance to ascertain with the greatest practicable precision the exact 
moment when the reaction is completed, the analyst may sometimes ])rc- 
])are, besides the actual standard solution, anotlicr, ton times more dilute, 
and use the latter to finish the process, carried nearly to completion Avitli 
the former. 

But a good final reaction is not of itself sufficient to afford a safe hasi? 
for a good volumetric method ; this requires, as the first and most indis- 
pensable condition, that the particular decomposition which constitutes the 
leading point of the analytical process should — at least under certain 
known circumstances — remain unalterably the same. Wherever this 
not the case — where the action varies with the greater or less degree of 
c-oncentration of the fluid, or according as there may be a little more or loss 
free acid present ; or according to the greater or less rapidity of action of the 
standard solution; or where a ])recipitate formed in the course of the pro- 
cess has not the s.'ime conqiosition throughout the operation — the basis of 
the volumetric method is fiillacious, and the method itself, therefore, of 
no value. 

When the new system of volumetric analysis first began to find favor 
with chemists, a great many volumetric methods were proposed, basw! 
simply upon some final reaction, without a careful study of the decompo- 
sition involved ; the result has been a superabundant crop of new volu- 
metric methods, of which a great many are totally fallacious and nsele?^. 
In the special p)art of the present work I have taken care to separate tlie 
really good methods from the fallacious. 
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§ 5.-). 

j'oR general information respecting reagents, I refer the student to my 
foluinc on “ Qualitative Analysis.” 

The instructions given here will be confined to the preparation, testing, 
tnd most important uses of those chemical substances which subserve 
H’incipally and more exclusively tlie jiurposes of cpiantitative analysis, 
riioso reagents which are employed in qualitative investigations, having 
leeii treated of already in the volume on tlie qualitative Viranch of the 
iiRilytical science, will therefore be simply mentioned here by name. 

The reagents used in quantitative analysis, are jiroperly arrai^ed under 
he following heads : — 

A. Reagents for gravimetric analysis in the wet way. 

JJ. Reagents for gravimetric analysis in the dry way. 

C. Reagents for volumetric analysis. 

7). Reagents used in organic analysis. 

The mode of prejiaring the fluids used in volumetric analysis, and the 
hsorption bulbs used in gas analysis, will be found where we shall have 
iccasion to speak of their application. 

A. REAGENTS FOR GRAVIMETRIC ANALYSIS 
IN THE WET WAY. 

T. SIMPLE SOLVENTS. 

§ 5G. 

1. Distilled Water (see ‘‘Qual. Anal.”) 

Water intended for quantitiitive investigations must be perfectly pure. 

ater distilled from glass vessels leaves a residue upon evaporation in a 
platinum vessel (see experiment No. 5), and is therefore inapplicable for 
piany purposes ; as for instance, for the determination of the exact degree 
^f solubility of sparingly soluble substances. For certain uses it is 
necessary to free the water by ebullition from atmospheric air and 
Carbonic acid. 

2. Alcohol (see ‘‘ Qual. Anal.”). 

ef- Absolute alcohol, d. Rectified spirit of wine of various degrees of 
Hrength. 

3. Ether. 

"The application of ether as a solvent is very limited It is more fre- 
fjuently used mixed with spirit of wine, in order to diminish the solvent 
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power of the latter for certain substances, e.g.^ bichloride of platinum ain 
chloride of ammonium. The ordinary ether of the shops will answer tin 
purpose. 

ir. ACIDS AND HALOGENS. 


«. Oxggen Acids. 
§ 57. 

1. Sulphuric Acid. 

a. Concentrated sulphuric acid of the shops. 

b. Concentrated pure sulphuric acid. 

c. Dilute su}})huric acid. 

See “ Qual. Anal.” 

2. Nitric Acid. 


(i. Jhire nitric acid of L2 sp. gr. (see Qual. Anal.”). 
h. lied fuming nitric acid (concentrated nitric acid containing sonic 
hyponitric acid). 

Preparation . — Two parts of pure, dry nitrate of potassa are introduced 
into a capacious retort, and one part of concentrated sulphuric acid is 
added either through the tubulure of the retort, or if a common non- 
tubulated one is used, through the neck by means of a long funiiel-tuLe 
bent at tlfc lower end, careliilly avoiding soiling tlie neck of the retort, 
The latter being put into a vessel lilted with sand, or, better still, with iron 
turnings, is then connected with a receiver, but not quite air-tight. The 
distillation is conducted at a gradually increased heat, and carried to dry- 
ness. The cooling of the receiver must be properly attended to duriiiy 
the distillation. In the preparation of small quantities, the retort is placed 
on a piece of wire-gauze, and heated with charcoal; in this process iti.'! 
always advisable to coat the retort liy re|)eated application of a thin paste 
made of clay and water ; a little borax or carbonate of soda sliould he 
added to the water used for making the jiaste. 

lests . — Red luming nitric acid must be in a state of the greatest j) 0 »- 
sible concentration, and perlectly free from sulphuric acid. In order to 
detect minute traces of the latter, evaporate a few c. c. of the specimen in 
a })orcelain dish nearly to dryness, dilute the residue with water, add some 
chloride of barium, and observe whether a precipitate forms on standing 
Uses . — A powerlul oxidizing agent and solvent; it serves more espe- 
cially to convert sulphur and metallic sulphides into sulphuric acid ami 
sulphates respectively. 

3. Acetic Acid (see “ Qual. Anal”). 

4. Tartaric Acid (see “ Qual, Anal.”). 


b. ligdrogen Acids and Halogens. 
§ 58. 

1. Hydrochloric Acid. 


a. Pure hydrochloric acid of 1T2 sp. gr. (see “ Qual. Anal.”). 

b. Pure fuming hydrochloric acid of about 1*18 sp. gr. 

Preparation . — As in “ Qual. Anal.” § 2(1, with this modification, ho^'- 

ever, that only 3 or 4 parts of water, instead of G, are put into tlr’ 
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receiver, to 4 parts of chlorido of sodium in tlie retort. The greatest care 
must be taken to keep the receiver cool, and to change it as soon a.s the 
tube through wliich the g<‘is is conducted into it begins to get hot, since it 
is now no longer’ by drocldoric acid gas which passes over, but an aqueous 
solution of the gas, in form of vapor, which would simply weaken the 
fuming acid, if it were allowed to mix with it. 

The fuming acid must, for many purposes, be perfectly free 

from chlorine and sulphurous acid. For the mode of testing for these 
impurities, see “ Qual. Anal.” loc. cit. Test lor sulphuric acid as under 
Nitric Acid, previous page. 

— Fuming hydrochloric acid has a much more energetic action 
than the dilute acid ; it is, therelbre, used instead of the latter in cases 
where a more rapid and energetic action is desirable. 

2. HYDitorLUORio Acid. 

This is employed for tlie decomposition of silicates and borates, some- 
times in the gaseous form, sometimes in the condition of aqueous solution. 
In the first case, the substance to be decomposed is intnxluced into the 
Icjiden box, in which the hydrofluoric gas is being generated ; in the latter 
case, we must first prepare the aqueous acid. The raw material cinployc'd 
is fluor spar, or, better, kryolite (Lubof.dt*). Both are first finely pow'- 
(lered, and then treated with concentnited sulphuric acid. To 1 j).'irt 
kryolite, 2-^ parts sulj)huric acid are used; to 1 part fluor s])ar, 2 f)arts 
sulphuric acid arc used. If the latter is employed, allow the mixture to 
stand in a dry place for several days, stirring every now and then, so that 
the silicic acid (which is generally contained in fluor s})ar) may first esca])e 
in the form of duosilicic gas. Convenient distillatory apparatus liavo been 
described by Luboldt (loc. cit.) and by II. BRiEfiLEU.f The latter com- 
mends itself especially on account of its relatively small cost. It consists 
of a leaden retort, wdth a movable leaden top, which can be luted on. 
The receiver belonging to it is a box of lead, with a tubulure at the side, 
into which the neck of the retort just enters. The cover of the receiver 
iH raised conical, and is provided at the top with an exit tube of lead. Iii 
the receiver a platinum dish containing water is placed, all joints aro 
luted, and the retort is carefully lieated in a sand bath. The aqueous 
liydrofluoric acid found at the end of the operation in the platinum dish is 
perfectly pure. The small quantity of impure hydrofluoric acid which 
collects on the bottom of the rc(;eiver is thrown away. The hydrofluoric. 
«icid must entirely volatilize wdien heated in a platinum dish on a wmter- 
I'fith. The pure acid gives no jmecipitate when neutralized with j)ot;i.sh, 
^'liile silicoduoride of potassium separates, if the acid contains hydrofluo- 
^'licie acid. The acid is best jweservod in gutta-percha l)Ottles, as rccom- 
^'lended by Stadelkr. The greatest caution must be observed in preparing 
acid, since, whether in tlie fluid or gaseous condition, it is one of the 
^ost injurious substances. 

3. Chlorine and Chlorine-water (see “ Qual. Anal.”). 

4. Nitro-hydrociiloric Acid (see “ Qual. Anal.”), 

5. IIydrofluosilicic Acid (see “ Qual. Anal.”). 

c. Sulphur AcAds. 

1. IIydrosulphuric Acid (see “Qual. Anal.”). 

* Joum. fiir prakt. Chern., 76, 330. 
t Annak d. Chein. u. Pliarni., Ill, 380. 


II. 


a 
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III. BASES AND METALS. 

a. Oxygen Bases and Metals. 

§ 59. 

a. Alkalies. 

1. POTASSA AND SODA (sGG ‘‘ QlUll. Alial.”). 

All tliG three sorts of tho caustic alkalies loentioned in the qiialilatiw 
])ai‘t are required iu quantitative analysis, viz., coniinon solution ol sod;], 
liydrate of potassa purilied with alc.ohol, and solution of potassa piaipiin.Ml 
with baryta. Pure solution of potassji may be obtained also by heatiiiLr 
to redness for half an hour in a copper crucible, a mixture of 1 part of 
nitrate of potassa, and 2 or 3 parts of thin sheet copper cut into siimll 
])ieces, treating the mass with water, allowing the oxide of co[)per to siili- 
side iu a tall vessel, and removing the supernatant clear Iluid by meaiirt of 
a syphon (Wiiiu.F.ii). 

2. Ammonia (see “ Qual. Anal.”). 

/3. Alkaline Earths. 

1. Baryta (sec “ Qual. Anal.”). 

TIh; process proposed l)y Er. Moiiu* for preparing crystals of barjtii 
(prcci])iUitiou of solution of nitrate o(‘ baryta with solution of soda), ciiii- 
not 1)0 recommended for the preparation of l)aryta intended for analytica! 
])nr])oses, for instance, for the {yrecipitation ol' magnesia in the separation 
nf that earth from the alkalies, for the decomposition of silicates, 
since the almost nnavoidal>le presence of soda in the baryta prepared in 
this way might lead to serious errors. 

2. Limf. 

Einely divided hydrate of lime mixed with water (milk of lime), i> 
used more particidarly to effect the separation of magnesia, &c., from tb' 
alkalies. Milk of lime intended to be used for that purpose must, ol 
(Course, be perfectly free from alkalies. To insure this absolute purity ni 
the r('agent, the purest lime ((‘ahnned white marble) should be used, aid 
the hydrate thoroughly washed, by repeated boiling with fresh quantiti'^ 
(d' distilled water. Idris 0])eration is conducted best in a silver disjo 
AVhen cold, the milk of lime so prepared is kept in a well-sto})})iTid 
bottle. 

y. Heavy Metals., and their Oxides 

§ 60. 

1. Zinc. 

Zinc has of late been much used as a reagent in quantitative analyd' 
It serves more especially to effect the reduction of dissolved scs(iuioxib' 
ol‘ iron to protoxide, and also the precipitation of copper from the boIu' 
tions of that metal. Zinc intended to be used for the former ])iirp‘'"'’ 
must 1)0 free from iron, for the latter free from lead, coj)per, and orli‘‘ 
metals which remain undissolvcd upon treating the zinc with 
acids. 


♦ Archiv der Pharm., 138, 38. 
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The distilliition of zinc in the Inborutory being a troul)l('sonie and costly 
chemists generally use the raw product of the r(idiictiou and dis- 
tillation of the ore, as this contains, at least in many cases, only such 
trilliiri- traces of iron that it may be sjifely used for reducing solutions of 
j(,.s(]uioxlde of iron. The ortlinary zinc of commerce, which is prepared 
by fusing the reduced metiil in iron pots, contains much more iron, as 
melted zinc lias the property of slowly dissolving that metal. Of the 
several sorts of crude zinc which I have had occasion to examine, 
iSilesian zinc contains the least admixture of iron. 

To procure zinc which leaves no residue upon solution in dilute sul- 
;])hnric acid, there is no other resource but to re-distil the commercial 
article. 

This is effected in a retort made of the material of Hessian or black- 
lead crucibles. The o])era.tion is conducted in a wind-furnace w ith good 
draught. The neck of the retort must hang down as ])er])endicular as 
])ossil)lo. Under the neck is placed a basin or small tub, hlled with water. 
The distillation begins as soon as the retort is at a bright red heat. As 
the neck of the retort is very liable to become choked iq) with zinc, or 
o.xide of zinc, it is necessary to kee]) it constantly free by means of a ])iece 
of iron wire. The zinc obtained by this re-distillation is (piite free iVom 
lead, or, at least, nearly so, but it still contains i)crce])tible traces of iron 
(from the ware). If tlie total absence of iron in the j>roduct is desired, 
we must use the stem of a clay ])ij)e iii.stead of the iron ware. 

— The following is the simplest waiy of testing the j)urity of zinc : 
dissolve the metal in dilute suljdniric acid in a small lla.sk ]>i-ovided with 
a gas-evolution tube, place the outer limb ol‘ the tube under water, and 
when the solution is completed, let the waiter entirely or ])artly recede 
into the llask ; after cooling, add to the Iluid, drop by drop, a snlliciently 
dilute solution of permanganate of pota.ssa. If a drop ol’ that solution 
: imparts tlie same red tint to the zinc solution as to an erpial volume of 
vater, the zinc may he considered ifee from iron. 1 [)refer this way of 
esting the purity of zinc to other methods, as it aifords, at the same time, 
m a])|)roximate, or, if the zinc has been weighed, and the (‘.hameleo]i solii- 
lon (avIucIi, in that case, must be considerably diluted) measured, an 
iccnrate and precise knowdedge of tlie quantity of iron present. If lead 
>r copper are present, these metals remain undissolved upon solution of 
he zinc. 

2. Copper. 

d’he copper of commerce, with the exception of the Japanese, is 
'arely sufficiently pure for analytical purposes. The chemist may ])r(![)are 
bi.s metal for himself in a state of purity, either in the galvanoi)lastic 
^vay, or as follows : jirecipitate the metal from a solution of the sulphate by 
‘ ^Ican iron plate, free the precipitated copjier from iron by boiling with 
hydrochloric acid ; wash, dry, iuse, and roll into thin sheets (Fuens). 

copper must dissolve completely in nitric acid, and addi- 
aon ot ammonia in excess to this solution must not, even alter long 
standing, produce in it the laintest trace of a jirecipitate (iron, lead, &c.) ; 
'heither should the addition of hydrochloric acid render the solution turbid 
' I ver). If its solution be precipitated witli sulphiuetted hydrogen, the 
h tiate should lejive no residue on evaporation. 

Uses . — This metal serves us occasionally in indirect analysis ; thus it 
Used, for instance, to determine copper, also iron according to Fuens, &c. 

G 2 
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However, since the introduction of volumetric methods, it is but riuelv 
used in qiiantibitive analysis. 

3. Oxide of Lead. 

Precipitate pure nitrate or acetate of lead with carbonate of ammonia, 
wash the precipitate, dry, and ignite gently to complete decomposition. 

Oxide of lead is often used to fix an acid, so that it is not expelled even 
by a rod heat. 

4. Oxide of Mercury. 

Preparaiioiu — Pour a solution of chloride of mercury into a hot mode- 
rately dilute solution of soda, taking care to leave the solution of soda 
always in excess, and wash the yellow precipitate thoroughly ])y decanta- 
tion ; lastly mix with water, and keep in a bottle in this condition. 

TesU. — Oxide of mercury must leave no residue when heated to redness 
in a platinum crucible. 

Uses. — This reagent serves, in quantitative investigations, principally 
to decompose chloride of magnesium in the process of separating magnesia 
Irom the alkalies. 

1). Snlphur Bases, 

1, Sulphide of Ammonium (see “ Qual. Anal”). 

We require both the colorless monosulphidc, and the yellow polj- 
sulphide, 

2. Sulphide of Sodium (see Qual. Anal”). 

IV. SALTvS. 

Balts of the Alkalies, 

§ 01 . 

1. Sulphate of Potassa (sec “Qual Anal”). 

2. Phosphate of Ammonia. 

Preparation. — To ])ure dilute pho.sphoric acid (prepared from plui.^- 
phorus) add pure ammonia to strongly alkaline reaction, allow to stiiid 
some time, filter, if necessary, and keep for u.se. 

Tests. — Phospliate of ammonia must be free from arsenic, nitric, aiu! 
Rul])huric acids, but more particularly from potassa, or soda. The pU“ | 
sence of either of these alkalies may be detected by adding solution ot' | 
pure acetate of lead, until the formation of a precipitate ceases, filteripr- 
precipitating the excess of lead with sulphuretted hydrogen, filtering again, 
evaporating to dryness, and igniting the residue. If there now remains h 
residue soluble in water, and of alkaline reaction, this may be consider^ 
a conclusive proof of tlie presence of soda or potassa. 

In most ca.ses phosphate of soda (see “ Qual. Anal”) may be substitutcl 
for phosphate of ammonia. 

3. Oxalate of Ammonia (see ‘‘ Qual Anal”). 

4. Acetate of Soda (see “ Qual Anal”). 

5. Succinate of Ammonia. 
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Preparation. — Saturate succinic acid, wliicli lias been purifiLHl liy dis- 
?nlving in nitric acid and recrystallizing, with dilute aiuiuonia. The 
reaction of the new coinpouud should be rather slightly alkaline than aihd. 

Um . — This reagent serves occasionally to separate sestiuioxide of iron 
from other metallic oxides. 

G. Caubonate of Soda (see “ Qual. Anal.”). 

This reagent is required both in solution and in pure crystals ; in the 
latter form to neutralize an excess oi'acid in a fluid which it is desirable 
not to dilute too much. 

7. Caubonate of Ammonia (see Qual. Anal.”). 

8. Bisulphite of Soda (see “ Qual. Anal.”). 

9. Hyposulphite of Soda. 

This salt occurs in commerce. It should bo dry, clear, well crystallized, 
completely and with ease sohdile in water. The solution must give with 
nitrate of silver at first a white precipitate, must not effervesce with acetic 
acid, and when acidified must give no ])rccipitate with chloride of* barium, 
or at most, only a slight turbidity. The acidified solution must, alter a 
short time, become milky from separation of sid])hur. 

/Ae.s. — The hyposulplute of soda is used for the preeijntation of several 
metals, as sulphides, particularly in separations, for instance, of co})per 
from zinc; it also serves as solvent for several salts (chloride of silver, 
sulphate of lime, Ac.) ; lastly, it is employed in volumetric analysis, its use 
here dcspojiding on the reaction 2 (NaO, 8, O,) + 1 = Nal + NaO, 

10. Nitrite of Potassa (sec Qual. Anal.”). 

11. Bichromate of Potassa (see “Qual. An:d.”). 

12. Molybdate of Ammonia (see Qual. Anal.”). 

13. Chloride of Ammonium (see “ ()ual. Anal.”). 

14. Cyanide of Potassium (see Qual. Anal.”). 


h. Halts of the Alkaline Earths. 

§G2. 

1. Chloride of Barium (sec “ Qual. Anal.”). 

The following process, which I have of late devised, gives a very ])ure 
chloride of barium, free from lime and strontia : — Transmit through a 
‘Tjncentrated solution of impure chloride of barium hydrochloric gas, as 
lung as a precipitate continues to form. Nearly the whole of the chloride 
of barium present is by this means se})arated from the solution, in f’orm of 
a crystidline powder. Collect this on a filter, let the adhering li(piid drain 
0 1, Wash the powder repeatedly with small quantities of pure hydrochloric 
J'cirl, until a sample of the wa.shings, diluted witli water, and i)reeipitated 
acid, gives a filtrate which, upon evaporation in a platinum 
^i^h, leaves no residue. The hydrochloric mothcr-li(pior serves to dissolve 
rosh portions of witherite. I make use of the chloride of barium so 
|>>taiued, principally for the preparation of perfectly pure carl^onate of 
tR, which is often required in quantitative analyses. 

2. Acetate of Baryta, 
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Preparation. — Dissolve pure carbonate of baryta in moderately diliite 
acetic acid, filter, and evaporate to crystiillization. 

TeMs. — Dilute solution of aceUte of baryta must not be rendered turl)if] 
by solution of nitrate of silver. See also “ Qual. Anal.,” Chloride of 
harium, the Sc‘imc tests being also used to ascertain the purity of tlie 
acetate. 

Uses. — Acetate of baryta is used instead of chloride of barium, to effect 
the precupitiition of sul]>huric acid, in cases where it is desirable to avoid 
the introduction of a chloride into the solution, or to convert the base into 
an acetate. As the reagent is seldom required, it is best kept in crystal. 

3. Oarronate of Baryta (see “ Qual. Anal.”). 

4. Chloride of Strontium. 

Preparation. — Chloride of strontium is prepared from strontianite or 
celestine, by the same processes as chloride of barium. The pure crystals 
obtained are dissolved in spirit of wine of 96 per cent., the solution is 
filtered, and kept for use. 

Uses. — The alcoholic solution of chloride of strontium is used to effect 
the conversion of alkaline sulphates into chlorides, in cases where it is 
desirable to avoid the introduction into the fluid of a salt insoluble in spirit 
of wine. 

5. Chloride of Calcium (see “ ()ual. Anal.”). 

6. Sulfhate of Maonesia (see “ Qual Anal”). 

This reagent is ])rincipally used to precipitate pliosjdioric acid from 
aqueous solutions. ^Jdie solution reipiircdfor tins purpose should be kojt 
ready prepared ; it is made by dissolving J {)art of crystallized sulphate cl' 
magnesia and 1 part of jnire chloride of ammonium in 8 parts of wat(r 
and -1 [)arts of solution of ammonia, allowing the fluid to stand at rest I’cr 
several days, and then filtering. 

This solution is sometimes called magnesia-mixture. 

c. Salts of the Oxides of the Henry Metals. 

§ G3. 

1. SuLriiATE OF Protoxide of Iron (see “ Qual. Anal”). 

2. Sesquichloride of Iron (see “ Qual Anal”). 

3. Acetate of 8esquioxide of Uranium. 

Heat finely powdered pitchblende with dilute nitric acid, filter the fluid 
from the undi.ssolved portion, and treat the filtrate with hydrosulpliurif! 
acid, to remove the lead, copper, and arscniii ; filter again, cva})orate to 
dryness, extract the residue with water, and filter the solution from the 
oxides of iron, cobalt and manganese. Nitrate of sesquioxide of uraniuui 
crystallizes from the filtrate ; purify this by recrystallization, and tlicn 
heat the crystals until a small portion of the sesquioxide of uranium i*^ 
reduced. Warm the yellowish-red mass thus obtained with acetic acid, 
filter and let the filtrate crystallize. The crystals are acetate of sesijui- 
oxide of uranium, and the mother-liquor contains the undecomposed nitrate 
(Wertheim). 

Tests. — Solution of acetate of sesquioxide of uranium after acidification 
with hydrochloric acid must not be altered by hydrosuI])huric acid ; car- 
bonate of ammonia must produce in it a precipitate, soluble in an excc^^ 
of the precipitant. 
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jTses . — Acetate of sesquloxide of uranium may serve, in many cases, 
0 effect tlie separation and determination of phosphoric acid. 

4. Nituateof Silver (see “Qiial. Anal.”). 

5. Acetate of Lead (see “ Qual. Anal”). 

6. Chloride of Mercury (see “ Qual. Anal”). 

7. PiioTOCTTLORiDE OK TiN (scc “ Qiial. Anal.”). 

8. Bichloride of 1’latinum (see “ Qual. Anal”). 

0. Sodio-Protociiloride of Palladium (see “ Qual Anal”). 


B. PEAGENTS FOP GPAVIMETPIC ANALYSIS IN 
THE DPY WAY. 

§ 04 . 


1. Carbonate of Soda, pure anhydrous (see “ Qual. Anal”). 

2. Mixed Carbonates of Soda and Potassa (see “ Qual. Anal”). 

3. Hydrate of Baryta (see “ Qual Anal” and § 51)). 

4. Nitrate of Potassa (sec ‘‘Qual. Anal”). 

5. Nitrate of Soda (see “ Qual. Anal”). 

G. Borax (fused). 

Preparation . — Heat crystallized borax (see “ Qual Anal”) in a ])latinum 
or ])orcelain disli, until tliere is no further intumescence; reduce the ])oroiis 
innss to powder, and heat this in a platinum crucible until it is fused to a 
transparent mass. Pour the semi-fluid, viscid mass u])on a fragment ot 
])orcelain. A better way is to fuse the borax in a net of platinum gauzi'., 
by making the gas blowf)ipe-ilame act ujion it. The dro]>s are collected 
m a platinum dish. The vitrified borax obtained is kept in a well-sto})- 
])ered bottle. But as it is always nece.ssary to heat tlic vitrified borax 
ftrevious to use, to make quite sure that it is perfectly anhydrous, the best 
V'ay is to prepare it only when required. 

Uses . — Vitrified borax is used to effect the expulsion of carbonic acid 
and other volatile acids, at a red heat. 

7 . Bisulpiiate of Potassa. 


Preparation.' — Mix 87 parts of neutral sul|)hate of potassa (see “ f)ual 
Aaa], ’), ill a platinum crucible, with 49 parts of concentrated pure siil- 
I'liiiric acid, and heat to gentle redness, until the mass is in a state of uniform 
and limpid fusion. Pour the fused salt on a fragment of porcelain, or into 
a i»latinuin dish standing in cold water. After cooling, break the mass into 
pieces, and keep for use. 

Um, — q'Pig reagent serves as a flux for certain native com])ounds of 
a mnina and sesquioxide of chromium. Bisulphate of ])Otassa is used 
a !50, as we have already had occasion to state, for the cleansing of ]»lati- 
mnn crucibles ; fortius latter purpose, however, the salt which is obtaiiietl 
Hi the preparation of nitric acid, will be found sufficiently jiure. 


8. Carbonate of Ammonia (solid). 

Preparation. — See “ Qual. Anal.”-T-This reagent serves to convert 
^ le hisulphates of the alkalies into neutral salts. It must completely vola- 
I ize when heated in a platinum dish. 

9. Nitrate of Ammonia. 
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.Preparatmi . — Neutralize pure carbonate of ammonia with pure nitiii 
acid, warm, and add ammonia to slightly alkaline reaction ; fdter, if necos- 
sary, and let the liltrate crystallize. Fuse the crystals in a platinum disli, 
and pour the fused mass u])on a piece of porcelalii ; break into pieces wliiLsi 
still warm, and keep in a well -stoppered bottle. 

Tests . — Nitrate of ammonia must leave no residue when heated ia a 
platinum dish. 

Uses . — Nitrate of ammonia serves as an oxidizing agent; for instance, 
to convert lead into oxide of lead, or to ellect the cond)Listion of carbon, in 
cases wlicrc it is desired to avoid the use of fixed salts. 

10. Chloride of Ammonium. 

Preparation and Tests . — See “ Qual. Anal.” 

Uses . — Chloride of ammonium is often used to convert metallic oxides 
and acids, e.//., oxide of lead, oxide of zinc, binoxide of tin, arsenic acid, 
antimonic acid, &c., into chlorides (ammonia and water escape in the ])ro- 
cess). Many metallic chlorides being volatile, and others volatilizing in 
presence of chloride of ammonium fumes, they may be completely removal 
by igniting them with chloride of ammonium in excess, and thus iiiaiiv 
compounds, c.//., alkaline antimoniates, may be easily and expeditionslv 
analysed. C'hloride of ammonium is also used to convert various salts 
witli otlier acids into chlorides, c.y., small (piantities of alkaline sulphates, 

11. IIydijogen Gas. 

Preparation . — Hydrogen gas is evolved when dilute sulphuric acid is 
added to granulated zinc. It may be purified from traces of foreign giis('> 
either by passing first through cldorido of mercury solution, then throiiA 
potash solution or as recommended by Steniiouse, by passing througli ;i 
tube filled with pieces of cliarcoal. If the gas is desired tlry, pass throiidi 
sulphuric acid or a chloride of calcium tube. 

Te.^ts . — Pure hydrogen gas is inodorous. It ought to burn with a 
colorless flame, which, when cooled by depressing a itorcelain dish upon 
it, must de])osit nothing on the surliice of the dish except pure water 
(Free from acid reaction). 

Uses. — Hydrogen gas is frequently used, in quantitative analysis, to 
reduce oxides, chlorides, sulphides, Ac., to the metallic state. 

12. Chlorine. 

Preparation. — See “ (bial. Anal.” — Chlorine gas is purified and drid 
I))- transmitting it through concentrated sulphuric acid, or a clilorid(! ol 
calcium tube. 

Uses . — Chlorine gas serves principally to produce cldoridcs, and to 
separate the volatile from the non-volatile chlorides; it is also used to 
displace and indirectly determine bromine and iodine. 

C. KEAGENTS USED IN YOLUMETIHC ANALYSIS. 

§ 65 . 

Under this head are arranged the most important of those substances 
which serve for the preparation and testing of the fluids required ie 
volumetric analysis, and have not been given suh A and B. 

1. Pure Crystallized Oxalic Acid. 

The introduction of crystallized oxalic acid as a basis for alkalimetr}' 
acldimetry is due to Pr. Mohr. It is also employed to determine the strengtb 
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‘of, or to standardize, a sohitioii of pcrnianganate of potasf^n, 1 ecpii valent 
ol' permanganic acid being required to convert 5 cciuivalents of oxalic acid* 
iinto carbonic acid (Miq + 2 8 + 5 = 2 (Mn O, 8 Oj + 10 

(’ O). We use in most cases the ])ure crystallized acid ^Yhiell has the 
forniula O 3 , II O + 2 aq., and of which the equivalent is accordingly f),"). 

; Preparation. — Treat powdered oxalic acid of commerce, in a llask, v ith 
Tikewarm distilled water, in such proportion as will leave a large amount 
ot‘ the acid undissolved, and shake (Mohk). Filter, crystallize, and h't 
the crvsUils drain ; then spread them out on blotting-paper, and let them 
get thoroughly dry, at the common temperature, in a place Ifee from dust ; 
or press them gently between sheets of blotting-paper, and repeat the 
operation with fresh sheets, until the crystals Jire quite dry. Another 
jnethod, by Avhich the acid is obtained perfectly pure, consists in decom- 
posing oxalate of lead with dilute sulphuric acid. 

Tests. — The crystals of oxalic acid must not show the least sign of 
eillorescence (to which they are liable even at 20 '’ in a dry atinos])here) ; 
they must dissolve in water to a perfectly clear Iluid; when heated in a 
])latiuum dish, they must leave no fixed and incombustible residue (c-ar- 
honate of lime, carbonate of potassa, Ac.). If the acid obtained by a first 
crystallization fails to satisfy these requirements, it must be recrystallized. 
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t!VM])or.Mtiiig water, and passing a stream of carbonic acid tlirougli tlip 
tliiid. (MuLDEir^). Tlic originally dark green solution of manganate of 
potassa soon cliangcs, with se})aration of hydrated binoxide of manganese^ 
to the deep violet-red of the permanganate. When it is considered tliai 
the conversion is complete, allow to settle, take out a small quantity of tlio 
clear liquid, boil and pass carbonic acid through it. 11 a preci})ital(^ 
forms, the conversion is not yet conq)lete. 

The solution may be filtered through gun-cotton. Evaporate, crystal- 
lize and dry the crystals on a porous tile. 

4. Ammonio-Sulhiate of Protoxide of Iron. 

(Ee 0, N 11 ^ 0, S O 3 + G aq.) 

Er. ]\Toiir has proposed to employ this double salt, which is not lial)l(‘ 
to efflorescence and oxidation, as an agent to determine the strength of tlie 
permanganate solution. 

P reptmit ion— Tiike two equal portions of dilute sulphuric acid, and 
warm the one Avith a moderate excess of small iron nails free from nisi, 
until the evolution of hydrogen gas has altogether or very nearly ceased; 
neutralize the other portion exactly with carbonate ol ammonia, and iIk ii 
add to it a leAV d 7 'o])s of dilute sulphuric acid. Filter the solution ol tlie 
suljihiito of the protoxide of* iron into that of the sulphate of ammonia, eva])o- 
rate the mixture a little, if necessary, and then allow the salt to crystallizi;, 
Let the crystals, which are hard and of a ]>ale green colour, drain in 
funnel, then Avash them with a little Avater, dry tliorougldy on blotting- 
pajxn-, in the air, and keep for use. 

The e(piivalent of the salt (19G) is exactly 7 times that of iron (28), 
The solution of the salt in Avater wliich has been just acidified Avith sul- 
phuric acid inu.st not become red on the addition of sulphocyanide uf 
])otassium. 

5. Pure Iodine. 

Preparation . — Triturate iodine of commerce Avith J part of its Avoi^Ldit 
of iodide of ])Otassinni, dry the mass in a large Avatch-glass ANoth greiiiiil 
rim, Avarm this gently on a sand-l)ath, or on an iron plate, and as soon a- 
violet fumes begin to escape, cover it Avith another watch-gdass of tlicsa’iu' 
size. Continue the a])plication of heat until all the iodine is sublimed 
and keep in a Avell-closed glass bottle. The chlorine or bromine, Avhioli i' 
often found in iodine of commerce, combines, in this ])rocess, Avitli tlie 
potassium, and remains in the loAver Avatch-glass, together Avith the exet"" 
of iodide of potiussium. 

7V,sAs. — Iodine purified by the process just now described, must 
no fixed residue when heated on a Avatch-glass. But, even siqqmsiny ' 
should leave a trace on the glass, it Avoidd be of no great conseipunco, -u 
the small portion intended for use lias to be resublimed immediately bet'C 
Aveighing. . , 

Uses . — Pure iodine is used to determine the amount of iodine contmuci 
in the solution of iodine in iodide of potassium, employed in many vclm 
metric jjrocesses. 

6. Iodide of Potassium. 

Small quantities of this article may be procured cheaper in conuncr^f 
than prepared in the laboratory. For the preparation of iodide of 

* Jaliresbericht von Kopp und Will, I 808 , 581. 
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jiini intended for analytical purposes I recommend Bait’s metliod, im- 
)rovcd by Fuedkrking, because the product obtJiincd by this process is 
ree from iodic acid. 

Put a sample of the salt in dilute sulphuric acid. If the iodide 

B ])nre, it will dissolve without coloring the Iluid; but if it contain 
odate of ])otassa, the iluid will acquire a brown tint, Irom the in-escnce 
Irce iodine ( K 1 + H 0 + S O3 - K O, S + IT I and 10^ + 5 ll 1 = 

^ j[ 0 + 6 I, which remain in solution in the hydriodic acid). Mix the 
loliilion of another sample with nitrate of silver, as long as a precipitate 
joiitinues to form ; add solution of ammonia in excess, shake the mixture, 
and supersaturate the filtrate with nitric acid. The formation of a 
curdy precipitate indicates the presence of chloride in the iodide of 
potassium. Ib'esencc of sulphate of potassa is detected by means of solu- 
;ion of chloride of barium, with addition of some hydrochloric acid. 

ir,<cs . — Iodide of potassium is used as a solvent lor iodine, in the pre- 
paration of standard solutions of iodine ; it is em])loyed also to absorb 
lr('(5 chlorine. In the latter case every oipii valent of chlorine liberates an 
5(|iiivalent of iodine, which is retained in solution by the agency of the 
excess of iodide of potassium. The iodide of potassium intended for these 
us(‘s must be free from iodato and carbonate of potassa ; the presence ot 
[rilling t races of chloride of potassium or sulphate of potassa is ol no con- 
5c(pience. 

7. SuLPiiUKOus Acid. 


Preparation . — Conduct the sulphurous acid gas disengaged from co])per 
turnings and concentrated sulphurii; acid, and washed (see “ Qual. Anal.”) 
into water to saturation, and keep the solution in several well-corked 
bottles. 

This concentrated solution serves to prepare tin; highly dilute solution 
of sulphurous acid used in IUixsen’s method of determining iodine. 

8. Ausenious Acid. 

d’he arsenious acid sold in the shops in large pieces, externally ojiaipte, 
but often still vitreous within, is generally quite pure. The jiurlty ot the 
&rtic;le is tested by moderately heating it in a glass tube, open at both ends, 
tlirough which a feeble current of air is transmitted. Ihire arsenious acid 
Inust completely volatilize in this process ; no re.sidue must be lelt in the 
tul)e u])on the expulsion of the sublimate from it. If a nou-volatile residue 
bs Ich which, when heated in a current of hydrogen gas, turns black, the 
ftrsciiious acid contains teroxidc of antimony, and is unfit lor use in ana- 
lytical proces.ses. Dissolve about 10 grm. of the arsenious acid to be 
b'stcd ill soda, and add 1 — 2 drojis acetate of lead. If a browni.sh color is 
produced, the arsenious acid contains sulphide of arsenic and cannot be 
bsed. Arsenious acid is onq)loycd, in form of arsenite of soda, to deter- 
luiiie hypochlorous acid, free chlorine, iodine, Ac. 

9. Chloride of Sodium. 

: 1 crfectly pure rock-salt is best suited for analytical purposes. It must 
i^'solvc in water to a clear fluid ; oxalate of ammonia, phosjdiate of soda, 
1^'id chloride of barium must not trouble the solution. Pure chloride of 
Podmm may be prepared also l^y Margueritte’s process, viz., conduct into 
1* ‘^“oncentrated solution of common salt hydrochloric gas to saturation, 
pllcct the small crystals of chloride of sodium which separate on a funnel, 
them thoroughly drain, wash -with hydrochloric acid, and dr}^ the 
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cliloricle of sodium fmnlly in a porcelain dish, until the hydrochloric acii; 
adherinj^ to it has completely evaporated. The ]nother-li(pior, Avliiii 
contains the small quantities of sulphate ol‘ lime, chloride of magnesium, Ac, 
originally present in the salt is, at the next jareparation of hydroclilorir 
acid added to the ingredients in the retort, instead of a corresponding 
portion of water. 

— Chloride of sodium serves as a volumetric precipitating agt,t 
in the determination of silver, and also to determine the strength of solu- 
tions of silver intended for the estimation of chlorine. We usually fuso i* 
before wenghing. The operation must be conducted with caution anl 
must not be continued longer than necessary ; for if the gas-dame acts on 
the salt, hydrochloric acid escapes, while carbonate of soda is formed. 

10. Metallic Silveii. 

The silver obtained liy the jmopor reduction of the ])urc chloride of tin: 
metal alone can be called chemically ])nre. The silviT ])recij)itatcd Iv 
copper, is never absolutely pure, but contains generally about j ui 
copper. 

Chcmi(^ally pure silver is only iiscal in small quantity to prepare tf 
dilute solution employed for the determination of silver. Tlie soliiticii i i 
silver retjuired lor the estimation of chlorine need not be made with alis^- 
lutoly ])nro silver, as the strength of this solution had always l)est U 
determined after the jireparation, by means of ]>ure chloride of sodluiu. 


I). UEAGENTS USED IN ORGANIC ANALYSIS. 


§ CG. 

1. Oxide of (’oj>i>er. 

j^reparatio)). — Stir jmre* copper scales (which should be first ignited ir. 
a miillle) with pure nitric acid in a ])orcehiin dish to a thick ])ast(! ; altc 
the elfervciscence has ceased, heat gmitly on the sand-hath until the 111:1- 
is perlectly dry. Transfer the green basic salt produced to a 
crucible, and heat to a moderate redness, until no more fumes of 
nitric acid escajie; this may he known by the smell, or by introdneinU' 
small })ortion oi‘ the mass into a test tube, closing the latter with 
finger, heating to redness, and then looking through the tube lengthvny' 
The uniform decom])osition of thesidt in the crucible maybe promoted k 
stirring the mass from time to time with a hot glass rod. When the criicik*^ 
has cooled a little, reduce the mass, which now consists of pure oxide 
copper, to a tolerably fine jiowder, by triturating it in a brass or porc(d:“; 
mortar ; ])ass through a metal sieve, and keep in a well stoppered 
ibr use. It is always advisable to leave a small ]jortioii of the oxid'' 
the crucible, and to expose this again to an intense red heat, dn- 
agglutinated portion is not jioundcd, but simply broken into small fragin^*'’- 
Tests . — Pure oxide of copper is a compact, heavy, deep-black 
gritty to the touch; upon exposure to a red heat it must evolve no 
nitric acid liuiies, nor carbonic acid ; the latter would indicate preseutv ' 
fragments of charcoal, or jiarticles of dust. It must contain nothing sohih' 

* If the scales contain lime, digest them with water, containing a little nitric a*-'" 
for a long time, wash, and then proceed as above. 
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1 Avatcr. That portion of the oxide which has been exposed to an intense 
iieat should be hard, and of a greyish-black color. 

— Oxide of cop})er serves to oxidize the c^irbon and liydrogen of 
rLraiiic substances, yielding up its oxygen wliolly or in part, according to 
ircuinstanccs. That portion of the oxide Avdiich lias been hoaU'ii lo 
!io most intense redness is particularly useful in the analysis ol‘ volatile 
aids. 

N.B. The oxide of copi^er, after use, may be regenerated by oxidation 
ritli nitric acid, and subsequent ignition. Should it have beconie niixcd 
dtli alkaline salts in the course of the analytical process, it is first digested 
nth very dilute cold nitric acid, and washed afteinvards with water. To 
iirify oxide of copper containing chloride, Bi Ehlknmeyeh recommends 
3 ignite it in a tube, first in a stream of moist air, and finally, when tho 
Rca})ing gas ceases to redden litmus paper, in dry air. By these opera* 
ions any oxides of nitrogen that may have remained arc also removed. 

2. Chromate of Lead. 


Preparation . — Precipitate a clear filtered solution of . acetate of lead, 
lightly acidulated with acetic acid, with a small excess of bichromate of 
lotassti; wash the precipitate by decanUition and at last thoronifhh/ on 
linen strainer ; dry, put into a Ile.ssian crucible, and heat to bright 
edness until the mass is fairly in fusion. Pour out iqrnn a stone slab or 
ron j)lato, break, pulverize, pass through a line metallic sieve, and keep 
he tolerably fine powder for use. 

Tests . — Chromate of lead is a heavy powder, of a dirty yellowish-brown 
olor. It must evolve no carbonic acid upon the .application of a red heat; 
he evolution of carbonic acid would indicate contamination with organic 
natter, dust, &c. It must contain nothing soluble in Avater. 

Uses . — Chromate of lead serves, the same as oxide of copper, for the 
ondmstion of organic substances. It is converted, in the j)rocess of com- 
>ustion, into sesquioxide of chromium and basic chromate of lead. It 
ulFers the same decomposition, with evolution of oxygen, when heated by 
tself above its point of fusion. The property of chromate of lead to fuse 
t a red heat renders it preferable to oxi(le ol* copper as an oxidizing agent, 
n cases Avhere we have to act upon dillicultly combustible substances. 

^.B. Chromate of lead may be used a second time. For this purpose 
t IS fused again (being first roasted, if necessary), and then powdered. 
Iter having been twice used it is powdered, moistened with nitric acid, 
I’lod, and fused. In this way the chromate of lead may be used over and 
'ver again indefinitely (VoHL*). 

S . Oxygen Gas. 

J^rep(nyitio)i. — Tritur.ate 100 grammes of chlorate of potassa Avith 
xactly O-I grixi. of finely-poAvdered sesquioxide of iron, and introdu(;e 
mixture into a [dain retort, which must not be more than half full ; 
A'pose the retort, over a charcoal fire, at first to a gentle, and then to a 
ually increased heat. As soon as the salt begins to fuse, shake the 
a little, that the contents may be uniformly heated. The evolution 
speedily commences, and proceeds rapidly, but not impetuously, 
ovi ed the above proportion between the chlorate of potassa and the 
^squioxide of iron bo adhered to. As soon as the air is expelled from 
retort, connect the glass tube, fixed in the neck of the retort by means 


Annalen d. Ciiem, u. Pharm., lOG, 127. 
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of a tight-fitting perforated cork, with aii india-rubber tube inserted in 
the lower orifice of the gasometer ; the glass tube must be sufliclcnt , 
wide, and there must be sufficient space left around the india-rubbir i 
permit the free efflux of the displaced water. Continue the application i 
heat to the retort until incipient redness having been reached, the evulu- 
tion of gas has altogether or very nearly ceased. It is advisable to o,;,; 
the retort up to tlie middle of the body with several hiyers of a thin ]);ist,, 
made of clay and water, Avith addition of a little carbonate of soda ir 
borax. 

100 grammes of chlorate of potassa give about 27 litres of oxylh-:: 
gas. 

The oxygen gas produced by this })rocess is moist, and may contaiii 
tracics of carbonic^ acid gas, and also of chlorine. The gas pret)ared Iimiu 
a mixture of chlorate of ])Otassa with a coni})aratively large proportion u; 
binoxide of manganese always contains a rather considerable quantity ci 
chlorine gas. Tlieso impurities must be removed, and the oxygon 
thoroughly dried, before it can be used in elementary organic aniil\>i., 
The gas is, therefore, passed from the gasometer, first through a 
bulb-a])paratus filled with solution of i)otassa of 1-27 sp. gr., th(!u throng 
a U-tulje containing pumice-stone, moistened Avith sulphuric acid, altii- 
Avards through sev'cral tubes lilloid Avith hydrate of jjotassa, and lastiv 
through a chloride of calcium tube. 

Teats. A chip of Avood Avhich has been kindled and bloAvn out, so a? 

to leave a spark at the extremity, must immediately burst into flame in 
curnmt of oxygen gas. The gas must not trouble lime-water, nor solution 
of nitrate of silver Avhcri transmitted through those fluids. 


4. SODA-LIMK. 


Proparafion. — Take ordinary solution of soda, ascertain its specific ga- 
vity, Aveigh out a certain quantity, calculate by means of the tabh^, § -d' 
the weight of the hydrate of soda that must be ])reseut, add tAvico th; 
latter Aveight of the best quick lime, and then evaporate to dryness in 
iron vessel. Heat the residue in an iron or Hessian crucible, keej) forsoni': 
time at a Ioav red heat, and reduce the mass, Avhilst still Avarm, to a tih- 
rably fine poAvder, by ])Ouiurmg and sifting through a metallic sieve. Iv-'I 
the ])OAvder in a well-stoppered bottle. 

Tests. — Soda-lime must not effervesce too much Avhen treated vin 
dilute hydrocldoric acid in excess ; but more ])articularly, it must H '' 
evolve ammonia, Avhen mixed with pmre sugar, and heated to redness. 

IJ^es. — Soda-lime serves for the analysis of nitrogenous organic s'll 
stances. For the rationale of its action, see the chapter on Orgm’ 
Analysis. 

5. Metallic Copper. 


Metallic copper serves, in the analysis of nitrogenous sul)stancCJ^. ■ 
effect the reduction of tlie nitric oxide gas that may form in the course ^ 
tlie analytical process. ^ 

'• It is used either in the form of turnings, or in that of close wire spin'*' 
or of small rolls made of thin sheet copper. A length of from 7 to 

centimetres is given to the spirals or rolls, and just sufficient thickne 

to admit of their being inserted into the combustion tube. To have 
perfectly free from dust, oxide, &c., it is first heated to redness in j * 
open air, in a crucible, until the surface is oxidized ; it is then pid 
a glass or porcelain tube, through which an uninterrupted current ^ 
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W liv«lrogon gas is transmitted ; and when all atmosplicrie air has been 
knelled li”om the evolution apparatus and the tube, the latter is in its 
^hole length heated to redness. The operator should make sure that 
L atmospheric air has been thoroughly expelled, before he proceeds 
'p apply heat to the tube ; neglect of this precaution may lead to an 

jxplosion. 

6. POTASSA. 

a. Solution of Potassa. 

Solution of potassa is prepared from the carbonate, with the aid of milk 
if lime, in the way described in the “ Qualitiitive Analysis,” for the ))re- 
Kiration of solution of soda. The proportions are — 1 part of carbonate 
if j)otassa to 12 parts of water, and | part of lime, slaked to paste with 
hree times the quantity of warm water. 

The decanted clear solution is evaporated, in an iron vessel, over a 
trong fire, until it has a specific gravity of 1*27; it is then, whilst still 
varm, poured into a bottle, which is well-closed, and allowi'd to stand at 
est until all solid particles have subsided. The clear solution is finally 
Irawn off from the deposit, and kept for use. 

b. Hydrate of Potassa (common). 

The commercial hydrate of potassa in sticks will answer the purpose, 
f you wish to prepare it, evaporate solution of potassa (a) in a silver 
rossel, over a strong fire, until the residuary hydrate flows like oil, and 
vhite fumes begin to rise from the surface. Pour the fused mass out on a 
ilean iron jdate, and break it up into small pieces. Keep in a well- 
itoppored bottle for use. 

c. Hydrate of Potassa (purified with alcohol), see “ Qual. Anal.” 

p. 43. 

Uses. — Solution of potassa serves for the absorption, a»id at the same 
iiino for the estimation of carbonic acid. In many cases, a tube filled 
•vith hydrate of potassa is used, in addition to the apparatus filled with 
solution of potassa. Hydrate of jjotassa purified with alcohol, which is 
perfectly free from sulphate of potassii, is employed for the determination 
sul})luir in organic substances. 

7. CiiLouiDE OF Calcium. 

a. Crude fused Chloride of Calcium. 

Preparation. — Digest, with warm water, the residuary mixture of 
1 oride of calcium and lime which remains after the j)rep>;iration of 
Jimnonia; filter, neutralize the alkaline filtrate exactly with liydro- 
^ I one acid, and evaporate to dryness in an iron pan ; fuse the residue in 
io jron or Hessian crucible, pour out the fused mass, and break into pieces, 
reserve it in well-stoppered bottles. 

b. Pare Chloride of Calcium. 

separatum . — Dissolve the crude chloride of calcium of a in lime-water, 
fite^ solution, and neutralize e.xactly with hydrochloric acid ; evapo- 
' ) m a porcelain dish, to dryness, and cxpo.se the residue for several 
miirs to a tolerably strong heat (about 200°), on the sand-bath. The 
' ye and porous mass obtained by this process consists of Ca Cl + 2 aq. 
tl . crude fused chloride of calcium serves to dry moist gases ; 

ail 1 ^^^^cride is used in elementary organic analysis for the absorption 

estimation of the water formed by the hydrogen contained in the 
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analysed substance. The solution of the pure chloride of calcium inu 
not show an alkaline reaction. 

8. Bichromate of Potassa. 

Bichromate of potassa of commerce is purified by repeated recrystal lix; 
tlon, until chloride of barium produces in the solution of a sample ot it i 
Avater, a precipitate which completely dissolves in hydrochloric acid. Rj. 
chromate of potassa thus perfectly free from sulphuric acid is re(piiro,l 
more particvdarly for the oxidation of organic substances with a view 
to the estimation of the sulphur contained in them. Where the salt is 
intended for other purposes, e.//., to determine the carbon of organir; 
bodies, by heating them Avith chromate of potassa and sulphuric acid, out 
rccrysbillization is sulHcient. 



SECTION III. 


ORMS AND COMBINATIONS IN WHICH SUBSTANCES ARE SEPA^ 
rated from each OTHER, OR IN WHICH THEIR WEIGHT IS 
determined. 

§ 67 . 

fiiE quantitative analysis of a compound substance requires, as the first 
Ind most indispensable condition, a correct and accurate k-nowlcdjrc of the 
iomposition and properties of the new combinations, into wliicli it is 
ntendcd to convert its several individual constituents, for the ])ur])ose of 
leparating them from one another, and determining their several weights. 
■Regarding the properties of the new compounds, we have to inquire more 
)articularly, in the first place, how they behave with solvents ; secondly, 
vliat is their deportment in tlie air ; and, thirdly, what is tlteir behavior 
m ignition? It may be laid down as a general rule that compounds are 
lie better adapted for quantitative determination tlie more insolulilo they 
ire, and the less alteration they undergo upon exposure to air or to a high 
emperature. 

The composition of bodies is expressed cither in jier-cents, or in stoichio- 
nctrical or symbolic formula} ; by means of the latter, tlie constitution of 
ilio more frequently recurring compounds may be easily remembered. In 
his Section the composition of the substances treated of is given in three 
lilTcrent ways, in as many columns : the first column gives the com- 
position of the substance in symbols; the second, in equivalents (II 1); 
ho tliird, in per-cents. With resjiect to its composition, a compound is the 
[)ettcr adapted for the quantitative determination of a body the less it 
Joiitams rehitively of that body ; since any error or loss of substance that 
inay occur in the course of the analytical jirocess will exercise the less 
Influence upon the accuracy of the results. Thus, ammonio-bichloride of 
platiiiunq for instance, is, in this respect, better adapted tlian chloride ol’ 
^nimoniiim, for the determination of nitrogen ; since the former contains 
[inly G-27 p^er cent., while the latter contains 20*2 per cent, of the clement in 
Question. 

suppose we have to analyse a nitrogenous substance; — we estimate its 
^itrogen in the form of bichloride of platinum and chloride of ammonium, 
vlien the process is conducted with absolute accuracy, 0*300 p*m. of the 
Analysed body yields 1*000 grm. of ammonio-bichloride of platinum : 100 
parts of this double chloride contain G*27 parts of nitrogen, 1*000 contains 
therefore 0*0627 of that clement. These 0*0627 have been derived from 
substance ; 100 parts of the analysed body, consequently, contain 
■ of nitrogen. 

. e now make a second analysis, in which we convert the nitrogen of 
^ e substance to be analysed into chloride of ammonium, instead of bi- 
oride of platinum and chloride of ammonium : we again conduct the 
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process with absolute accuracy, and obtain from 0*300 of the substani 
under examination, 0*2304 ot chloride of ammonium, corresponding 
0*0027 of nitrogen, or 20*00 per cent. 

Now, let us assume a loss of 10 milligrammes to have occurred in em 
process this will alter the result, in the first instance, from 1*()00' 
0*000 of bichloride of platinum and chloride of animoiiium, correspoiulii 
to 0*062073 of nitrogen, or 20*00 per cent. ; the loss of nitrogen will tla n 

fore be 20*00 -20*00 -0*21. 

In the second instance the result will be altered from (42304 to 0*2211 
of chloride of ammonium, corresponding to 0*0001 ol nitrogen, or 20*i 
per cent. The loss in this case will consecpiently amount to 0*87. 

We see here that the same error occasions, in tlie one case, a loss of 0 ^ 
per cent., with respect to tlie amount of nitrogen j whilst, in the other cus 
the loss amounts to 0*87 per cent. 

We will now proceed to enumerate and examine those coml)inatioiis 
the several bodies which are l)(?st adapted for their quantitative dctcriiiin; 
tion. The description given of the external form and appearance of tl 
new compounds relates more particularly to the state in which they ;i 
obtained in our analyses. With regard to the properties of the new (dii 
pounds, we shall coniine ourselves to the enumeration of those which bi 
upon the special object we have more immediately in view. 

A . — Forms in which the bases are weighed or rRECiiuTATED. 

BASES of the first GROUP. 

§ 

1. PoTASSA (or Potash). 

The combinations best suited for the weighing of potassa are, stu.rHA 
OF POTASSA, nitrate OF POTASSA, CHLORIDE OF POTASSIUM, BICllLOlUDi; ' 
PLATINUM AND CHLORIDE OF POTASSIUM (Potassio-Bichloride of PlatiniUli) 

a. ,Sn/phate of poiasm crystallizes usually in small, hard, oldhpie, Icn 
sided prisms, or in double six-sided pyramids; in the analytical pmu 
it is obtained as a white crystalline mass. It dissolves with some difficib 
in water (1 part requiring 10 parts of water of 12°), it is almost absolut 
insoluble in pure alcohol, but slightly more soluble in alcohol coiitaiin 
sulphuric acid (Expt. No. 0). It docs not affect vegetable colors; 
unalterable in the air. The crystals decre[)itate strongly wlien heali 
yielding at the same time a little water, whicli they hold meclianicai 
confined. The decrejntation of crystals that have been kept long dry 
is less marked. When very strongly ignited for a long time the sidt k' 
weight a little, even when reducing gases are excluded, — the residue 
sesses an alkaline reaction (Al. Mitsciierlicii*). When exposed to ar 
heat, in conjunction with chloride of ammonium, sulphate of pot:issi 
partly, and, upon rejieated application of the process, wholly, coiive^' 
with effervescence, into chloride of jKitassium (II. Kose). 

composition. 

KO . , . . 47*11 54*08 

SO3 .... 40*00 45*92 

87*11 100*00 


Journ. f. prakt. CLem., 83, 485. 
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Bisulplmte of potas^a (K 0, S 0, + II O, S 0,), whici, i,, ahvav» ,,ro- 
aiK-ed when the neutral salt is evaporated to dryness with free sululiurie 
grid, is readily soluble m water, and fusible even at a moderate heat At 
a red heat, it loses half its sulphuric acid, together with the basic water 
but not readily— the complete conversion of the acid into the neutral s-dt 
reipilring the long-continued application of an inteii.se red heat IloweviT 
when heated in an atniosiihere of carbonate of ammonia— which mav !.(’ 
readily proeurecl by re,, eatedly throwing into the faint red-hot crucible 
ruutaiiung the bisiilphate, .small lunijis of jmro carbonate of ammonia and 
putting on the lid-t lie acid salt changes readily and .p.ickly to the neutral 
iu plu. e. The translormation may be considered complete as soon as the 

M hi' 

; i. mr<Ue o/ potossa ery.stal lines generally i„ long .,ix-sided striated 
prisms. ^ In analysi.s it i.s obtained as a white crystalline mass; it is readilv 
ikiluhle in water, nearly insoluble m ab.soliite alcohol, and sparingly soluble 
in spirit of wine. It doe.s not alibct vegetal, ie colors, and ii iinidterable i,; 
,ie ail. 11 ,emg exjioscd to a gentle heat, liir below redness, it fuses 

luidtercd and without any duninution of weight I upon the .application of 

uSe w’l pota.s.sa, with evolutioiVof oxygen ; 

udiftln heat be increased to very mtensc rednes.s, it becomes con4rted 

i,dth'('hlorid?*’*r'^*’ ‘"'fl nitrogen. When ignited 

iiitl chloride of ammonuim, or in a stream of dry hydrochloric acid it is 

imtaLT completely converted into chloride of iissiiim. When re- 
nto oii.,tc'of n T “01 m exccs.s, it is completely converted 

vpeated lif to rt'- excess of hydroiloric acid 

)«ta.Jiuin ^ ^ eo'opletely converted into chloride of 


COMPOSITION. 

.... 4711 
^ .... 54'0() 


4f)'59 

5;J-41 


lOMl 


lOO-OO 


’^oluniS ru/orr M °fton lengthened 

shape "^0 obtain it either in the 

"•rh lessTo irrblnte 71 te -7* "‘“or, but 

«fcHe, and bm sdi ‘'or'e «e-d ; in absolute aleoliol it is nearly 

o^Wable cois 7“’’' 7 ‘T‘"‘ ‘‘"OS not allcu't 

unless it harl ""“'‘ofoWo m tl.e air. When heated, it decrc,,!- 
'“'‘•anicaily confined ", '“7 ^ a 7 ‘ ’'^"’7 o-'^Puluion of a little water 
'rithoiif dimiu'l 7' -7* “ moderate red beat, it fuses unaltered 

'“liitilizeg in whii*7 ° wdicn exposed to a higher temperature, 

uiore effeptuHlI volatilization proceeds the more slowly, 

i*M«lly evanorated wa7“i" 7 Prevented (Expt. No. 7). When 

<«alate o7nnte u°'otmn of oxalic aeid in excess, it is converted 

‘"''«rted readite ?■ evaporated with excess of nitric acid, it is 

*"'"‘onia, carbonat“T^ !‘®^ ”'*? ’gm'tmn with o.xalate 

’"'‘ouhle qiiantitief ^ cyanide of potassium are formed in 
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COMPOSITION- 

K 39-11 52-45 

Cl 35-4(; 47-55 


74-57 100-00 

(J. Bichloride of platinum and chloride of poiasshm (Potassio-l^icliloril, 
oi' Platinum) presents either small reddish-yellow octahedra, or a lomo!). 
eolored powder. It is difficultly soluble in cold, more readily in Iki 
wnter; nearly insoluble in absolute alcohol, and but sparingly soluhlc ii, 
spirit of wine — one part requiring for its solution, respectively, l^d.s:] 
parts of absolute alcohol, 3775 parts of spirit of wine of 70 per cem, 
anti 1053 parts of s])iritof wineof 55 per cent. (Expt. No. H, u). Prespiice 
of free hydrochloric acid sensibly increases the solubility (Expt. No. (S, h\, 
In t^-mstic potassa it dissolves completely to a yellow Iluid. It is unalteriililt’ 
in the air, and at KKP. On expo.surc to an intense red heat, 2 eq. m 
cldorine escape, metallic j)latinum and chloride of potassium being Idt: 
hut even after long-continued fusion, there remains always a little ])()tassi(i- 
bichloride of platinum which resists decomposition. Com])Iete decoiii|K)- 
sition is easily effected, by igniting the double salt in a current ol’ hydroL'ti: 
gas, or with some oxalic; acid. 

According to Andiiews, the bichloride of platinum and chloride 
])Otassium, even though dried at a temperature considerably cxccedii.: 
100'^, retains still 0-0055 of its weight of water. 


K . . 

COMPOSITION. 

. . . 39-11 

IC-OO 

?t . . 

. . . 98-94 

40-48 

Cl. . . 

. . . 10f)-38 

43-52 


214-13 

100-00 

K Cl , 

. . . 74-57 

30-51 

PtCl, . 

. . . 1C9-«C 

69-49 


244-43 

100-00 


§ 69. 

2. Soda. 

Soda is usually weighed as sulphate of soda, nitrate of .soda, ciiioi:''- 
^)F SODIUJI, or CARUONATE OF SODA. It is separated from potassa in the I't 
of SODIO-P.ICIILORIDE OF PLATINUM. 

a. The anhydrous neutral sulphate of soda is a white powder or a "F 
very friable mass. It dissolves readily in water ; but is sparingly 
in absolute alcohol ; pre.scnce of free sulphuric acid slightly increa?e.'- 
solubility in that menstruum; it is somewhat more readily soluble 
spirit of wine (Expt. No. 9). It does not affect vegetable colors; ’‘I’ 
exposure to moist air, it slowdy absorbs water (Exjjt. No. 19)- ' q 
heated to fusion, it scarcely loses weight, but when exposed to a 
heat for a long time, it decidedly loses w^eight, even when reducing F 
are excluded ; the residue then shows a slight alkaline reaction (At- ' 
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ciikklk'H*). When ignited with chloride of ammonium, it comports itself 
be siiine as sulphate ol'potassa under similar circumstances. 


COMPOSITION. 

Na 0 ;n 43 06 

S O3 40 30-34 


71 100-00 

liisiilpliate of soda (Na 0, S 4-11 0, S 0^^), wliich is always produced 
pon the evaporation of a solution of the neutral salt with sul])huric acid 
1 excess, fuses even at a gentle heat; it may be readily converted into 
le neutral s;ilt, in the same manner as the bisulphate of potassa is con- 
erted into the neutral sul})hate (see § Gb, o). 

h. Mtrate of soda crystallizes in obtuse rhombohedra. In analysis it 
1 generally obtained as an amorphous ma.ss. It dissolves readily in water, 
lit is almost insoluble in absolute alcohol, and but little more soluble in 
^jiirit of wine. It does not alfect vegetable colors, and is unalterable in 
pie air under common circumstances; but when e.xposed to very moist 
iir, it absorbs water. It finses without decomposition at a temperature far 
)elo\v red heat; at a higher tempcra.ture it undergoes the same decompo- 
lition as nitrate of potiissa (see § GH, comp. Expt. No. 11). AVhen 
giiitcd with chloride of ammonium or in hydrochloric acid gas, and when 
ivaporatcd with solution oi oxalic acid, or acpieous hydrochloric acid, it 
seniports itselt like the corres^ionding j)ota.ssa salt under similar circum- 
(tanccs. The change with aipieous hydrochloric acid is elTocted more 
5a.sily, that is, by fewer eva])orations, than in the case of nitrate of potash 
y, 13ai:mil\uer|). 

COMPOSITION. 

NaO 31 3G-47 

NO, 54 G3-53 


85 100-00 

Chloride of sodium, crystallizes in cubes, octahedra, and hollow four- 
p}raniids. In analysis it is frequently obtained as an amorphous 
Riss. It dissolves readily in water, but is much lc.ss soluble in hydro- 
■>1 eric acid; it is nearly insoluble in absolute alcohol, and but sjiaringly 
) e in spirit of wine. 100 parts of .spirit of wine of 75 })er cent, dis- 
l-^^^^^perature of 15°, 0-7 part (\V.\oni<:r). It is neutral to vege- 
’ c colors. Exposed to a somewhat moist atmosphere, it slowly ah- 
(hlxpt. No. 12). Cry.stals of this siilt that have not be<‘n 
^ 1' ^ynig a considerable time decrepitate when heated, yielding a little 
I^^cy hold mechanically confined. The salt fuses at a rt.-d 
^ Without decomposition; at a white heat, and in open vessels even at 
il volatilizes in white fumes (Plxpt. No. 13). If a car- 
icid %t^^c>gen fiame acts on fn.sing chloride of sodium, hydrochloric 
carbonate of soda is formed. On evaporation with 
Bitric acids as well as by ignition with oxalate of ammonia, it 
jxirts Itself like the corresponding salt of jiotassa. 


Juurn. f. prakt. Chem., 83., 485. 


f Ibid,. 78. 213 
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COMPOSITION. 

Na 2:i-00 ?)0-3i 

01 35*40 00*00 


58*46 100*00 

<J. Aiihyclroiis carhonafe of soda is a Avlnto powder or a white von 
friable mass. It dissolves readily in water, but much less so in solution 
of ammonia (MAitGUKiuTTE) ; it is iiiBolulde in alcohol. Its reaction i- 
strongly alkaline. Exposed to the air, it absorbs water slowly. On 
moderate ignition to incipient fusion it scarcely loses weight; on long 
fusion, however, it volatilizes to a considerable extent (Comp. Expt. 14). 



COMPOSITION. 


N.aO . 

.... 31 

58*19 

CO, . 

.... 22 

41*51 


53 

100*00 


e. SodioAn chloride of platinum crystallizes with G equivalents of wati 
(Na Cl, Pt CI^ + G aq.), in light yellow, transparent, prismatic crystal' 
which dissolve readily both in water and in spirit of wine. 

§ 70. 

3. Ammonia. 

Ammonia is most appropriately weighed as chloride of AMMONiini, or 
a.s inciii.ORiDE OF PLATINUM AND ciii.ouiDE OF AMMONIUM (uminoiiio-biclilorik 
of platinum). 

IJnder certain circumstances, ammonia may also be estimated from tli^’ 
volume of the nituookn oas eliminated trom it. 

a. Chloride of ammonium crystallizes in cubes and octahedra, but iiioi't 
frequently in feathery crystals. In analysis we obtain it imifbriiily 
Avhite mass. It dissolves readily in water, but is diflicvdtly soluble ir 
sjhrit of wine. It does not alter vegetable colors, and remains uiuiltet'' 
in the air. Solution of chloride of ammonium, when cvai)orated oiitb 
Avater-bath, loses a small quantity of ammonia, and becomes slightly 
'Pile diminution of weight occasioned by this loss of ammonia is 
trifling (Expt. No. 15). At I0U° chloride of ammonium loses notli'i'r' 
or very little of its Aveight (comp, same Expt). At a higher temperature 
it volatilizes readily, and Avithout undergoing decomposition. 


COMPOSITION. 


. . 18*00 

33*67 

. . 35*46 

66*33 

53*46 

100*00 

. , 17*00 

31*80 

. . 36*46 

68*20 

53*46 

100*00 
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h. Bichloride oj platinum and chloride of ammonium (ammonio- 
(icliloride of platinum) occurs either as a heavy, lemon-colored powder, 
r in small, hard octahedral crystals of a bright yellow color. It is diffi- 
ultly soluble in cold, but more readily in hot water. It is very sparingly 
oliible in absolute alcoliol, but more readily in spirit of wine — 1 part 
eqiiiring of absolute alcohol, 26535 parts; of spirit of wine of 70 per 
cut., lioO parts; of spirit of wine of 55 per cent., 665 parts. The pre- 
enco of free acid sensibly increases its solubility (E.xpt. No. 16). It 
cinaiiis unaltered in the air, and at 100°. Upon ignition chlorine and 
liloride of ammonium escape, leaving the metallic j)latinum as a porous 
lass (spongy platinum). However, il* due care be not taken, in tliis pro- 
ess, to apply the heat gradually, the escaping fumes will carry olF particles 
f platinum, which will coat the lid of the crucible. 


N IL . 

composition. 

. . . 18-00 

8-06 

Pt 

. . . 98-94 

44-30 

Cl. . 

. . . 106-38 

47-64 


223-32 

100-00 

N II^ Cl 

. . . 53-46 

23-94 

PtCl, . 

. . . 169-86 

76-06 


223-32 

100-00 

N H, . 

. . . 17-00 

7-61 

It ci . 

. . . 36-46 

16-33 

Ptci, . 

. . . 169-86 

76-06 


223-32 

100-00 

N . . 

. . . 14-00 

6-27 

II, . . 

. . . 4-00 

1-79 

Pt . . 

. . . 98-94 

44-30 

Cl. . . 

. . . 106-38 

47-64 


223-32 

100-00 


c N'ltrogen gas is colorless, tasteless, and inodorous; it mixes with air, 

, 't lout producing the sliglitest coloration ; it does not affect vegetable 
;'» ws. Its spccilic gravity is 0-96978 (air - 1). One litre (one cubic 
^^^unieter) weighs at 0°, and 0*76 meter of the barometer, 1-25456 grm. 
^ js ( ifncultly soluble in water, 1 volume of water absorbing, at 0°, and 
pressure, 0-02035 vol. ; at 10", 0-01607 vol. ; at 15°, 0-01478 vol. of 
'’Hen gas (Bunsen). 

BASES OF THE SECOND GROUP. 

§ 71. 

1. Baryta. 

is weighed as sulphate of baryta, carbonate of baryta, and 
^'^ico-fluoride of 
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a. Artificially prepared sulphate of baryta presents the appearance oi 
a fine white powder. Wlien recently precipitated, it is difficult to obtain 
a clear filtrate, especially if the precipitation was effected without the aid 
of heat, and the solution contains neither hydrochloric acid nor chloride of 
animonium. It is insoluble in cold and in hot water. It has a great 
tendency, upon precipitation, to carry down with it other substances con- 
tained in the solution from which it separates, more particularly nitrate of 
baryta, chloride of barium, sesquioxide of iron, &c. These substance? 
can generally bo completely removed only after ignition, by washing with 
appropriate solvents. Even the precipitate obtained from a solution of 
chloride of barium by means of sulphuric acid in excess contains traces of 
chloride of barium, which it is impossible to remove, even by washins: 
with boiling water, but which are dissolved by nitric acid (Sikoi.e). Cold 
dilute ticids dissolve trifling, yet appreciable traces of sulphate of baryta; 
for insbincc, 1000 parts of nitric acid of 1’032 sp. gr. dissolve 0‘0G2 part? 
of Ila 0, S Og. Cold concentrated acids dissolve considerably inore; 
thus, 1000 parts of nitric acid of I- 107 sp. gr. dissolve 2 parts of BaO, 
S Oj (Calvert). Boiling hydrochloric acid also dissolves apjnecialile 
traces; thus 230 c. c. of hydrochloric acid of I *02 sp. gr. were found, alk 
a quarter of an hour’s boiling with 0*079 grm. of sulphate of baryta, to 
have dissolved of it 0*048 grm. Acetic acid dissolves less sidjhate of 
baryta than the other acids; thus, 80 c. c. of acetic acid of 1*02 sp.gr, 
were found, after a quarter of an hour’s boiling with 0'4 grm. of Ba 0, 
8 0^, to have dis.solved only 0*002 grm. (Sieole). Free chlorine con- 
siderably increases the solubility of sulphate of baryta (0. L. Erdmann). 
Several salts more particularly interfere with the precipitation of buyta 
by sulphuric acid. I observed this some time ago Avith chloride of niagiie- 
slum, but nitrate of ammonia (Mittentzwey) and alkaline citrates (8 imlli:p. ) 
possess this property in a high degree. In the last case the precipitate 
appears on the addition of hydrochloric acid. If a fluid contains meta- 
phosphoric acid, baryta cannot be completely precipitated out of it b 
means of sulphuric acid ; the resulting precipitate too is not pure, l)tit 
contains phosjdioric acid (Scheerer, Kube). Sul])hate of baryta remains 
quite unaltered in the air, at 100®, and even at a red heat. On ignition 
with charcoal, or under the influence of reducing gases, it is convertcil 
comparatively easily, but as a rule only partially, into sulphide of l)Mri'»'i 
On ignition witli chloride of ammonium, sulphate of baryta undergois 
partial decomposition. It is not affected, or affected but very slightl}') i) 
cold solutions of alkaline bicarbonates or of carbonate of ammonia; 
tions of the monocarbonates of the fixed alkalies when cold have only ^ 
slight dcconq^osing action upon it ; but when boiling, and upon repeatei 
ap)p)lication, they effect at last the complete decomposition of the siilt (H 
Rose). By fusion with alkaline carbonates, sulphate of baryta is reudilj 
decomposed. 



COMPOSITION. 


Ba 0 . 

. . . 76*5 

65*67 

SO, . 

. . . 40*0 

34*33 


116*5 

100*00 


f J 

h. Artificially prepared carbonate of baryta presents the appearance o , 
white powder. It dissolves in 14137 parts of cold, and in 15421 
boiling water (Expt. No. 17). It dissolves far jnore readily in solutions^ 
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jliloride of ammonium or nitrate of ammonia ; from these solutions it is, 
iiowever, precipitated again, though not completely, by caustic jirnmonia. 
[n water containing free carbonic acid, carbonate of baryta dissolves to 
bicarbonate. In water containing ammonia and carbonate of ammonia, it 
,s nearly insoluble, one part requiring about 141000 parts (Expt. No. 18). 

Its solution in water has a very faint alkaline reiiction. Alkaline citrates 
ind mctaphosi)hates impede the precipitation of baryta by carbonate of 
iininonia. It is unalterable in the air, and at a red heat. When exposed 
;o the strongest heat of a blast-furnace, it slowly yields up the whole of its 
;arl)onic acid; this expulsion of the carbonic acid is promoted by the 
niiiultaneous action of aqueous vapor. Upon heating it to redness with 
jliarcoal, caustic baryta is formed, with evolution of carbonic oxide gas. 

COMPOSITION, 

Ba 0 . . . . 76-5 77*67 

CO, .... 22*0 22*33 


98*5 100*00 

c. Silico-fluoride of harium forms small, hard, and colorless crystals, or 
(more generally) a crystalline powder. It dissolves in 3800 parts of cold 
water; in hot water it is more readily soluble (Expt. No. 19). The pre- 
Bence of free hydrochloric acid incrciiscs its solubility considerably (Expt. 
^o. 20). Chloride of ammonium acts also in the same "way (1 part silico- 
fluoricle of barium dissolves in 428 parts of sjiturated, and 589 parts of 
dilute solution of chloride of ammonium. J. W. Mallkt). In s])irit of 
wine it is almost insoluble. It is unalterable in the air, and at 100° ; 
when ignited, it is decomposed into fluoride of silicon, which escapes, 
and fluoride of barium, which remains. 

COMPOSITION. 

BaEl . . 87*5 62*72 Ba . . 68*5 

«iFl, . . 52-0 37*28 Si . . 14*0 

Fl^ . . 57*0 


139*5 100*00 139*5 

§ 72 , 

2. Strontia. 

Strontia is weighed either as sulphate of strontia, or as carbonate of 
STUONTIA. 

(lis^ artificially prepared, is a white powder. It 

P^i'ts of cold, and 9638 parts of boiling -water (Expt. 
Bohibi ’ 'vater containing sulphuric acid, it is still more difficultly 
iivdr from 11000 to 12000 parts (Expt. No. 22). Of cold 

acid^f ^ ^ cent., it requires 474 parts; of cold nitric 

ofX^T ^ ^ cent., 432 parts ; of cold acetic acid of 15*6 per cent. 

chl^qj 7843 parts (E.xpt. No. 23). It dissolves in solution, 

phuri -ri but is precipitated again from this solution by sul- 

^^frate acid (Scheerer, Rube), and also alkaline 

put not free citric acid (Spiller), impede the precipitation of strontia 


49*10 

10*04 

40*86 


100*00 
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l)y sulplniric acid. It is nearly insoluble both in absolute alcohol and in 
sj)irit of wine. It does not alter vegetable colors ; and remains unaltered 
in the air, and at a red heat. When exposed to a most intense red heat, 
it fuses without undergoing decomposition. When ignited with chaieoal, 
or under the influence of reducing gases, it is converted into sulphide of 
strontium. The solutions of carbonates and bicarbonates of potassa, soda, 
and ammonia decompose sulphate of strontia completely at the common 
temperature, even when considerable (piantities of alkaline sulphates 
are present (H. Kose). Boiling promotes the decomposition. 

COMPOSITION. 

Sr O . . . . 51-75 56*40 

■ S 0^ . . . . 40-00 43-60 

01-75 100-00 

h. Carhonate of strontia, artificially prepared, is a white, ligdit, loose 
T)owder. It dissolves, at the common temperature, in 18045 parts of 
water (Expt. No. 24). Presence of ammonia diminishes its solubility 
(Expt. No. 25). It dissolves pretty readily in solutions of chloride of 
ammonium and of nitrate of ammonia, but is precipitated again from these 
solutions by ammonia, and carbonate ot ammonia, and more complete!) 
than carbonate of baryta under similar circumstances. Water impregnated 
with carbonic acid dissolves it las bicarbonate. Its reaction is very fccbl) 
alkaline. Alkaline citrates and metaphosphates impede the precipitation of 
strontia Iin- alkaline carbonates. Ignited with access of air it is infusible, 
but when exposed to a most intense heat, it fuses and gradually loses 
its carlionic acid. On ignition with charcoal, caustic strontia is formed, 
with evolution of carbonic oxide gas. 

COMPOSITION. 

Sr 0 . . • • 0 1 * / ») 70*17 

c Oj . . . . 22-00 20-83 

73-75 100-00 

§73. 

3. Lime. 

Lime is weighed either as sulphate of lime, or as carbonate of lime; 
to convert it into the latter Ibrrn, it is first usually precipitated as oxalate 

ofhme. , ij, 

a. Artificially prepared anhydrous sulphate of lime is a loose, wii^ 
powder. It dissolves, at the common temperature, in 430 parts, at 10 . 
in 460 parts of water (Poggiale). Presence of hydrochloric acid, mtrii' 
acid, chloride of ammonium, sulphate of soda, and chloride of sodiui'jj 
increases its solubility. It dissolves with comparative ease, especLiily ^ 
gently warming, in aqueous solution of hyposulphite of soda. (Diehl.) J 
aqueous solution of sulphate of lime does not alter vegetable colors, 
alcohol and in spirit of wine of 90 per cent, it is almost absolute y 
soluble. Exposed to the air, it slowly absorbs water. It remauis 
altered at a dull red heat. Heated to intense bright redness, it 
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^vitliout undergoing decomposition. At a white heat it loses siil|)]i(iric 
•K'id and its weight is considerably diminished — the residue has analk:iline 
reaction. (Al. Mitsciieiiuch ■*). On ignition with charcoal or niider the 
iiiilnence of reducing gases it is converted into sulphide of calcium. Solu- 
tions of alkaline carbonates and bicarltonates decompose sulphate of lime 
more readily still than sulphate of strontia. 

COMPOSITION. 

CaO 28 4M8 

8 O3 40 58-82 

C8 100-00 

b. Artificially prepared carbonate of lime is a fine white powder. It 

dissolves in 10601 parts of cold, and in 8884 parts of boiling water 

(E.Kpt. No 2G). The solution has a barely perceptible alkaline reaction. 
In water containing ammonia and carbonate of ammonia, it di.ssolves 
nuich more sparingly, one part of the sidt requiring al)out G5000 parts 
(E.xpt. No. 27) ; this solution is not prccij)itJitcd by oxalate of ammonia. 
Presence of chloride of ammonium and of nitrate of ammonia increases the 
solubility of carbonate of lime ; but the s^dt is precipitiited again from 
these solutions by ammonia and carbonate of ammonia, and more com- 
pletely than carbonate of l)aryta under similar circumstjinccs. Neutral 
salts of potassti and soda likewise increase its solubility. The precipitation 
of lime by alkaline carbonate is completely prevented or considerably 
interfered with by the presence of alkaline citrates (Spillek) or meta- 
phosphides (Ruije). Water impregmited witli carbonic acid dissolves car- 
l)oiiate of lime as biciirbonatc. Carbonate of lime reniiiins unaltered in 
the air, at 100°, and even at a low red heat; but upon the ap})]ication of 
a stronger lieat, more particukirly with free access of air, it gniduidly loses 
its carbonic acid. By means of ii giis blow])ipe-l{imp, carbonate of lime 
(about 0-5 grm.), in an 0})en pkitinum crucible, is without difficulty 
reduced to the caustic state ; attemids to effect complete reduction over a 
fij^irit lamp with double driiught have, however, fjiiled (Exj)t. No. 28). It 
is decomposed far more readily when mixed with charcoal and heated 
U) icdness, giving off its carbonic acid, in the form of carbonic oxide. 

COMPOSITION. 

Ca 0 28 5G-00 

CO, 22 44-00 

50 100-00 

e. Oxalate of Ime, precipitated from hot or concentrated solutions, is a 
lino white powder consisting of infinitely minute indistinct crystals, and 
dniost absolutely insoluble in water. If the oxalic acid is held to be 
nibasic, the salt has the formula, 2 CaO, O^ + 2 aq. When pre- 
cipitated from cold, extremely dilute solutions, the salt presents a more 
c istinctly crystalline appearance, and consists of a mixture of 2 CaO, C^ 
^ 4nd 2 CaO, C^ O^ + 6 aq. (Soucuay and Lenssen). Presence 
^ Inee oxalic acid and acetic acid slightly increases the solubility of 
cixulate of lime. The stronger acids (hydrochloric acid, nitric acid) dis- 

* Journ, f. prakt. Chem., 83, 485. 
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solve it readily ; from tliesc solutions it is precipitated again unaltered, liy 
alkalies; and also (jn'ovidcd tlie excess of acid 1)C not too great) by 
alkaliiic oxalates or alkaline acetates added in excess. Oxalate of 
does not dissolve in solutions of chloride of potassium, chloride of sodiiim^ 
chloride of aninionium, chloride of barium, chloride of calcium, and 
chloride of strontium, even though these solutions be hot and concentrated; 
but, on the other hand, it dissolves readily and in a})|)recial)lo (piantities, 
in hot solutions of the salts belonging to the magnesia group. From tbi^ii 
solutions it is re]n'ecipitated by an excess of alkidine oxalate (Souciiay and 
Lenssen). Alkaline citrates (Si’ILLEu) and meta])hos]diatcs (liiiiiK) iiiigedc 
the prcci})itation of lime by alkaline oxalates. When treated with solu- 
tions of many of the heavy metals, c.r/., with solution of chloride ol copper, 
nitrate of silver, otc., oxalate of lime suffers decomposition, a soluble salt 
of lime being formed, and an oxalate of the heavy metallic oxide, wliieli 
sejmrates immediately, or after some time (Keynoso). Oxalate of lime is 
unalterabhi in the air, and at lOfF. Dried at the latter temperature, it 
has invarial)ly the following composition (Fxj)t. No. 21), and also 8ouciiav 
and Lenssen.'*) 


2 CaO . . 

. . . 50 

38*80 


. . . 72 

49*32 

2 aq. . . 

. . . 18 

12*32 


IIG 

100*00 


At 20’)'’ oxalate of lime loses its wabir, without undergoing dccoiiijKi- 
sition ; at a somewhat higher tem])erature, still scarcely reaching dull 
redness, the anliydrous salt is decomposed, without actual se})aration ol 
carbon, into carbonic oxide, and carbonate of lime. The powder, wliidi 
was previously ol‘ snowy whiteness, transiently assumes a gray color in tlic 
course of this process, even though the oxalate be perfectly pure. Li'Oii 
continued appli(;ation of heat, this gray color disap])cars again. If tlio 
oxalate of lime is heated in small coherent fragments, such as are obtained 
upon drying the precipitated s<dt on a lilter, the commencement and pro- 
gress of the decomposition can Ire readily traced by this transient a])j)c:ir- 
ance of gray. If the process of healing be conducted properly, the residue 
will not contain a trace of caustic lime. Hydrated oxalate of lime exposed 
suddenly to a dull red heat, is decomposed with considerable separation ol 
carbon. 

§ 74 . 

4. Magnesia. 

Magnesia is weighed as sulphate of magnesia, pyropiiospiiatI': uf 
MAGNESIA, or PURE MAGNESIA. To couvcrt it into the jryrophosphntc, it 

is precipitated as basic phosphate of ammonia and magnesia. 

a. Anhydrous sulphate of marjnesia presents the appearance of a Avlntr 
opaque mass. It dissolves readily in water. It is nearly altogether in^*^' 
luble in absolute alcohol, but it is somewhat soluble in spirit of m'iiig 
I t does not alter vegetable colors. Exposed to the air, it absorbs Avatu 
rapidly. At a moderate red heat, it remains unaltered ; but when heiiR' 
to intense redness, it undergoes partial decomposition, losing jiart ol 
acid, after which it is no longer perfectly soluble in water. By means u 
a blowpipe-lamp, it is tolerably easy to expel the whole of the sulpbu>“ 

* Aunal. der Caem. uud riiarm., 100, 322. 
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acid fi'om small quantities of sulphate of magnesia (Expt. No. 30). 
I.riiited with chloride of ammonium, sulphate of magnesia is not de- 
composed. 

COMPOSITION. 


MgO 20 33*33 

SO 3 40 66*67 


60 100*00 


h. Basic 'phosphate of magnesia and ammonia is a white crystalline 
powder. It dissolves, at the common temperature, in 15293 parts of cold 
water (Expt. No. 31). In water containing ammonia, it is much more 
insoluble— one part of the salt requiring about 45000 parts of the solvent 
(Expt. No. 32). Chloride of ammonium slightly increases its solubility 
(Ex])ts. Nos. 34 and 35). Presence of alkaline phosphates exercises no 
iiill lienee in this respect. It disvsolves readily in acids, even in acetic 
acid. Its composition is expressed by the formula 

2 MgO, N ll/l, P 0^ + 12 aq. 

10 eq. of water escape at 100°, the remaining 2, together with the am- 
monia, at a red heat, leaving 2 Mg 0, P O^. The change of tlie ordinary 
])liosplioric to pyrophosphoric acid, is indicated by a vivid incandescence 
of the whole mass. 

, If pho.sphato of magnesia and ammonia is dissolved in dilute hydro- 
, chloric or nitric acid and ammonia be then added to the solution, the salt 
is reprecipitated conqdetely, or more correctly, only so much remains in 
solution as corresponds to its ordinary solubility in water containing 
ammonia and ammoniacal salt. Webicu * having questioned the correctness 
of this statement, I was induced to test it again by experiment (No. 33). 
I obtained exactly the same result as before. 

c. Bf/rophosphate of magnesia presents the appearance of a white mass, 
often slightly inclining to gray. It is barely soluble in water, but readily 
BO in hydrochloric acid, and in nitric acid. It remains unalteriid in the 
air, and at a red heat ; at a very intense heat it fuses unaltered. Ex- 
[)osc(l at a white heat to the action of hydrogen, 3 Mg 0, P 0^ is formed, 
while P P and P 0^ escape. 3 (2 Mg 0, P 0 J - 2 (3 Mg 0, P OJ 
+ P Oj, (Struve f). It leaves the color of moist turmeric-, and of reddened 
litmus paper uncluinged. 

If we dissolve pyro])hosphate of magnesia in hydrochloric or nitric acid, 
add water to the solution, boil for some time, and then precipitate with 
ammonia in excess, we obtain a precij)itate of phosphate of magnesia and 
ammonia which, after ignition, affords less 2 Mg (), P O^, than was 
wiginally employed. Weber gives the loss as from 1*3 to 2*3 per cent. 

own experiments (No. 36) conlirm this statement, and j)oint out the 
circumstances under wliich the loss is the least considerable. By long- 
continued fusion with mixed carbonates of potassa and soda, pyrophosphate 
nnignesia is completely decomposed, the pho.sphoric acid being recon- 
verted into the tribasic state. If, therefore, we treat the fused mass w*ith 
'}drochloric acid, and then add water and ammonia, we re-obtain on 
f"niting the precipitate the whole quantity of the salt used. 


73, p 152. 


't Journ. f. prakt. Chein., 79, 349. 
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COMPOSITION. 

2 Mg O ... 40-00 3C-04 

P 0^' .... 71'00 ()3-9(; 

111-00 100-00 

d. Pure maguesid is a white, light, loose powder. It dissolves in 
parts of cold, and in the same proportion ol* lK:)iling water (Ihxpt. No. ,‘17), 
Its aqueous solution has a very slightly alkaline reaction. Magnesia 
dissolves in hydrochloric, and in other acids, without evolution of gas;, 
M:ignesia dissolves readily and in fpiantity, in solutions of neutral am- 
monia salts, and also in solutions of chloride of potassium and chloride 
of sodium it is more soluhle than in water (lilxpt. No. 38). Kxposed lo 
the air, it slowly ahsorl)S carbonic acid and water. IVhignesia is liiglilv 
infusible, remaining unaltered at a strong red heat, and fusing superficialiy 
only at the very highest temperature. 

COMPOSITION. 

. . . 12 00-03 

... 8 39-1)7 


20 100-00 

BASKS OK THE TIIliiD fiUOUP. 

§ 75 . 

1. Alumina. 

Alumina is usually precipitated as iiydkatk, occasionally as basic acetate 
or basic formiatc, and always weighed in the pure state. 

a. Jfi/drate of (duiuina^ riiiienily |)recipitated, is gelatinous; it invariiilily 
retains a minute pro])ortion of the acid with which the alumina vas 
previously coirdiined, as well as of the alkali which has served as the pre- 
cipitant ; it is freed with dilliculty from these admixtures by repeatel 
washing. 

Hydrate of alumina is insoluble in pure Avater; but it readily dissolves 
in soda, potassa ami ethylamine (Sonnknschkin) ; it is sparingly solu1)loli' 
caustic ammonia, and altogether insoluble in carbonate of amnioiiia; 
presence of ammoniacal salts greatly diminishes its solubility in caiii'tiv 
ammonia (Expt. No, 39). The correctness of this statement of mine in 
the first editiem of the ja-esent work, has been anip)ly confirmed since 1')' 
Malauuti and DunociiKii; * and also by experiments made V)y my foniiu' 
assistant. Mu. J. Fuciis. The former chemists state also that, Avhen a soln- 
tion of alumina is ])recipitatcd Avith sulphide of ammonium, the fluid innV 
be filtered off five minutes after, without a trace of alumina in it. H 
did not find this to be the case (Expt. No. 40). 

Hydrate of alumina, recently precipitated, dissolves readily in hydre- 
chloric or nitric acid ; but alter filtration, or alter having remained kr 
some time in the fluid from which it has been preeijntated, it does not dis- 
solve in these acids without considerable difliculty, and long digcstioiv 
Hydrate of alumina shrinks considerably on drying, and then p)resents the •ff' 

* Ann. de Cliini. et de Phys., 3 S^r. 16, 421. 


Mg . . 
0 . . 



BASES OF GROUP III. 


Ill 


i7G.] 

. nee of a hard, transparent, yellowish, or of a white, earthy mass. When 
^^*!ted to redness, it loses its water, and this loss is frequently attended with 
r!dit decrepitation, and invariably with considerable diminution ol‘ bulk. 

prepared by heating the hydrate to a moderate degree ol 
[ cliiess is a loose and soft mass ; but upon the application of a very intense 
le'uee of redness, it concretes into small, hard lumps. At the most 
itense white heat, it fuses to a colorless glass. Ignited alumina is dis- 
[)lve(l by dilute acids with very great difficulty ; in fuming hydrochloric 
cid it dissolves upon long-continued digestion in a warm place, slowly, 
lilt completely. It dissolves tolerably easily and quickly by first heating 
dth a mixture of 8 parts of concentrated sulphuric acid and 3 parts of water, 
lid then adding water (A. Mitsciierlicii*). Ignition in a current of hy- 
Irogen gas leaves it unaltered. By fusion with bisulphate of potassa, it is 
endered soluble, the residue dissolving readily in water. Upon igniting 
luinina with chloride of ammonium, chloride of aluminium escapes ; but 
lie process fails to effect complete volatilization of the alumina (11. Kose). 
Allien alumina is fused at a very high temperature, in conjunction with 
en times its quantity of carbonate of soda, aluminate of soda is formed, 
vliich is soluble in water (R. Richter). Placed upon moist red litmus 
)aper, pure alumina does not change the color to blue. 

COMPOSITION. 

Al^ . . . . 27-51) 53^40 

O3 .... 24-00 • 4G-G0 

51-50 100-00 

c. If to the solution of a salt of alumina, carbomite of soda or carbonate 
)f ammonia be added, till the resulting precipitate only just rcdissolves 011 
stirring, and then acetate of soda or acetate of ammonia poured in in 
ibundance and the mixture boiled some time, the alumina is precipitated 
ilmost completely as basic acehite in the form of transparent flocks, so that 
if the filtrate be boiled with chloride of ammonium and ammonia oidy 
uiiweighablo traces of alumina separate. If the quantity of acetate of soda 
employed be too small, the precipiUite appears more granular, the filtrate 
would then contain a larger amount of alumina. The precipitate cannot 
be very conveniently fdtered and washed. In washing it it is best to use 
boiling water, containing a little acetate of soda or acetate of ammonia, 
^lie precipitate is readily soluble in hydrochloric acid. 

I d. If, instead of the acetotes mentioned in c, tlic corresponding formiates 
pe used, a flocculent voluminous precipitate of basic formiate of alumina is 
)htainc(l, which may be very readily washed (Fr. Schulze-I-). 


§ 7G. 

2. Sesquioxide of Chromium, 

Sesquioxide of chromium is usually precipitated as hydrate, and 
Gways weighed in the pure state. 

e. Hydrated sesquioxide of chromium^ recently precipitated from a green 
^wution, is greenish-gray, gelatinous, insoluble in water : it dissolves 
['^‘idily^ in the cold, in solutions of potassa or soda, to a dark green fluid ; 
dissolves also in the cold, but rather sparingly, in solution of ammonia, 


* Journ. f. prakt. Chem., 81, 110. 


t Chem. Ceutralbl., 1861, 3. 
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to a briglit violet red fluid. In acids it dissolves readily, imparting a darl 
green tint to the fluid. Presence of chloride of ammonium exorcises tk 
influence upon the solubility of the hydrate in ammonia. Boiling effect; 
the complete separation of the sesquioxide from its solutions in potas.s;i 
soda, or ammonia (Expt. No. 41). The dried hydrate is a greenish-blu( 
powder ; it loses its water of hydration at a gentle red heat. 

h. Sesquioxide of chromium^ produce<l by heating the hydrate to dull 
redness, is a dark green powder ; tipon the application of a higher degret 
of heat, it assumes a lighter tint, but suffers no diminution of weight; tlu 
transition from the darker to the lighter tint is marked by a vivid imiaii- 
descence of the powder. The feebly ignited sesquioxide is difficiiltlv 
soluble in hydrochloric acid, and the strongly ignited sesquioxide is alto- 
gether insoluble in that acid. Mixed with chloride of ammonium, ami 
exposed to a rod heat, sesquioxide of cliromium remains unaltered ; it 
suffers no alteration when ignited in a current of hydrogen gas. 


composition. 


. . 52-48 

68-62 

. . 24-00 

31-38 

76-48 

100-00 


BASES OF THE FOURTH GROUP, 

§ 77. 

1. Oxide of Zinc. 

Zinc is weighed in the form of oxide or sulphide; it is precipitated M 

BASIC CARBONATE, Or aS SULPHIDE. 

a. Basic carbonate of zinc^ recently precipitated, is white, floccnlent, 
nearly insoluble in water — (one part requiring 44600 parts. Expt. No. 4’i) 
— but readily soluble in potassa, soda, ammoiua, carbonate of ammonia, 
and acids. The solutions in soda or ])()tassa, if concentrated, are not 
altered l)y boiling; but if dilute, nearly ail the oxide of zinc present is 
thrown down, as a white preci])itate. From the solutions in ammonia 
and carbonate of ammonia, especially if they are dilute, oxide of zinc like- 
wise separates upon boiling. When a neutral solution of zinc is precii)itate(l 
with carbonate of soda or carbonate of j)otass:i, carbonic acid is evolved 
since the precipitate formed is not Zn 0, CO^, but consists of a compound 
of hydrated oxide of zinc with carbonate of zinc, in Varying proportions, 
according to the degree of concentration of the solution, and to the mo'l« 
of precipitation. Owing to the presence and action of this carbonic ;icid 
])art of the oxide of zinc remains in solution ; if ffltcred cold, therefore, tke 
filtrate gives a precipitate with suljffude of ammonium. 

But if the solution is precipitated boiling, and kept at that tempenitiirf 
for some time, the precipitation of the zinc is complete to the extent i 
the filtrate is not rendered turbid by the addition of sulphide of ainmoniui'‘' | 
.Ktill, if the filtrate, mixed with sulphide of ammonium, be allowed tosta'"! | 
at rest for many hours, minute and ahno.st unweighable flakes of sulpl'd^^ | 
of zinc will separate from the fluid. The precipitate oi‘ carbonate of ; 
obtained in the manner just described, may be completely freed from | 
admixture of alkali by washing with hot water. If ammoniacal sah^ ' 
present, the precipitation ia not complete till every trace of amiuoRl^ 
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Bxpelled. If the solution of a zinc salt is mixed with carbonate of potassa 
pr soda in excess, the mixture evaporated to dryness, at a gentle lieat, and 
residue treated with cold water, a perceptible proportion of tlic zinc is 
bbtained in solution as double carbonate of zinc and potassaor soda; but if 
bie' mixture is evaporated to dryness, at boiling heat, and the residue treated 
vith hot water, the whole of the zinc, with tlip exception of an extremely 
ninute proportion, as we have already had occasion to observe, is obtained 
iS carbonate of zinc. 

The dried basic carbonate of zinc is a fine, white, loose powder ; exposure 
c a red heat converts it into oxide of zinc. 

h. Oxide of zinC) produced from the carbonate by the application of a 
•cd heat, is a white light powder, with a slightly yellow tint. When lieated, 
t acquires a yellow color, which disap[)cars again on cooling. U})on 
fruition with charcoal, carbonic oxide gas and zinc fumes escape. By 
giiiting in a rapid current of hydrogen gas, metallic zinc is produced ; 
vhllst by igniting it in a feeble current of hydrogen gas, crystallized oxide 
)f zinc is obtained (St. Claiiik Dkville). In this case, too, a portion of the 
nctal is reduced and volatilized. Oxide of zinc is insoluble in water. 
Placed on moist turmeric paper, it docs not change the color to brown. Iji 
icids, oxide of zinc dissolves readily and without evolution of gas. Ignited 
ivith chloride of ammonium, fused chloride of zinc is produced which 
mlalilizcs with very great difficulty, if the air is excluded; but readily 
uid completely, with free access of air, and with chloride of jimmonium 
hmes. Mixed with a sufficiency of powdered sulphur and igtnted in a 
itreain of hydrogen, the corresponding amount of sulphate is obtained 
;il. Kose). 

COMPOSITION. 

Zn . . . . 32*53 80*26 

0 .... 8*00 19*74 



40*53 


100*00 


c. Sulphide of zinc, recently precipitated, is a white, loose hydrate, (Zn S, 
B 0). The following facts should here bo mentioned with regard to its pre- 
cipitation.* Colorless sulphide of ammonium jirecipitates dilute solutions 
zinc, but only slowly ; yellow sulphide of ammonium does not precipi- 
tate dilute solutions of zinc (1 : 5000) at all. (fiiloride of ammonium 
favors the precipitation considerably. Free ammonia acts so as to keej) 
the precipitate somewhat longer in suspension, otherwise it exerts no iu- 
pirious influence. If the conditions which I shall lay down are strictly 
oliserved, oxide of zinc may be precipitated by sulphide of ammonium 
from a solution containing only ow Hydrated sulphide of zinc on ac- 
count of its slimy nature easily stops up the pores of the filter, and cannot 
tierefore be washed without difficulty on a filter. The washing is best 
porformed by using water containing sulphide of ammonium, and con- 
■iniially diminished quantities of chloride of ammotiium (at last none) 
(see lA'pt. No. 43). The hydrate is insoluble in water, in caustic alkalies, 
® j^aline carbonates, and the monosulphides of the alkali metals. It dis- 
®o ves readily and comj)letcly in hydrochloric and in nitric, but only very 
^pariugly in acetic acid. When dried, the precipitated sulphide of zinc is 
^ white powder ; at 100° it loses half, and at a red heat the whole of 


n. 


Joum. f. prakt. Chem. 82, 263. 
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its 'water, During the latter process some snlphurettccl hydroirri. 
escapes, and tlic remaining snlpliide of zinc contains an admixture oi 
oxide of zinc. ]jy roasting in tlie air, and intense ignition of the n- 
sidue, small quantities of sulphide of zinc may be readily converted into 
the oxide. 

On igniting the dried sulphide of zinc, mixed with }K)wdered sulphur, in 
a stream of hydrogen, the piurc anhydrous sulphide is obtained. (II, 

IvOSE.) 

coMi’OsrnoN. 

Zn .... 32-53 67-03 

S .... IG-OO 32-07 

48-53 100-00 

§ 78. 

2. PitoTOxiDR OF Manganese. 

Manganese is •weighed cither as I’KomsESQnjoxiDE, ns stu.i’itiui;, or 
PROTOSL'M’IIATE. With the view of convi'rting it into the first form, it 
precipitated as protocaui’.ona'I'e, iiydi.-ated protoxide, or kinomiu;. 

a. Cnr/j<iN((fe of protoxulv of nuinnonm^ reccMitly preci])itated, is wliiio 
Hocculent, nearly insoluble in pure wat(.-r, bitt somewhat more soluble in 
watCT inqiregnated with carbonic acid. Prescaice ol’ carbonate of so(l;i cr 
potas.sa does not increase its soluliility. Recently j)recif)itated carboii.itc 
of protoxide of manganese dissolves pretty readily in solution ol’ cliloriil' 
of ammonium ; it is owing to this pro])erty that a. solution of ))r()toxi<I'' 
of manganese cannot be coni])letely |>reci|)ituU‘d by carbonate of iiotic'a 
or soda, in y)reHence of chlori<l(; of ammonium (or any other Jimmoiii-rn! 
salt), until the latter is com|)letely decomposed. Tf the [u-ecipitatc, wlii!'' 
still moist, is exposed to tho, air, or washed with water impregnati'd wirli 
air, especially if it is in contact with carbomyed alkali, it slowly assinii*'>‘^ 
dirty Ijrowuish-white color, )>art of it becoming converted into hydintol 
protosesquioxide of mangaiu'sc. In washing the precipitate, wc clroi 
obtain a turbid filtrate. If the latter l)e allowed to stand for some tiiii*' iii 
a warm place, the inanganes<‘ separabrs in brown Hocks. If the pnX'il'iti''' 
is dried out of contact with air, it forms a delicate white ])Owder, yx-rsidmi 
in the air [2 (Mii 0, C f^g) + aq.] ; but when dried with fri'C ae(‘(^> 
air, the powder is of a more or less dirty-white color. When stroii,!:l} 
lu-ated with access of air, this powder first turns bla(!k, and changes siib 
8e(|ucntly to brown ])rotoses(piioxi<le of manganese. However, this t’Oii' 
version takes some time, and must never be held to be comjdctcd until 
two weighings, between which the pre(!i[)itate lias been ignited ngu'U 
free acc(!ss of air, give j)erfeetly corresj)onding ri!sults. On igniting tl"' 
carbonate of manganese, mixed with powdered sulphur, in a stream d 
hydrogen, sulphide of manganese is obtained (II. Pose). 

h. Uijdmted protoxide of mantfiinese^ recently thrown down, 
white, Hocculent prccijntjitc, insolulde in water and in the alkalies, I'd 
soluble in chloride of ammonium; this precipitate immediately absm 
oxygen from the air, and turns brown, owing to the formation of hydnid' 
])rotoscsqui()xide of manganese. On drying it in the air, a brown pu\^“• 
(hydrated protosescpiioxide of manganese) is obtained which, Avhcii liu^‘ 
to intense redness, witli free access of air, is converted into protoscsquioxi' 
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)f iiiangaiicse, and on ignition witli powdered sulphur, in a stream of 
lydrogen, is eoiivcrted into sulpliide. 

r. Protosesquioxide of m.afiq<fnrsey artificially produced, is a hrown 
Dowder. All the oxides of manganese are finally convertial into this l)y 
[gniiion in the air. Each time it is heated it assumes a darker color, hut 
its weight remains unaltered. It is insoluble in water, and does not alter 
70getahle colors. Heated to redness with chloride of ammonium, it is 
converted into protochloride of manganese. When heated with eon- 
Deiitrated hydrochloric acid, it dissolves to chloride with evolution of 
chlorine. 

(Mn^ 0^ + 4 II Cl = d Mn Cl + Cl +111 0) 

Dll ignition with powdered .sulphur in a stream oi‘ hydrogen it is converted 
into sulphide (II. Ixosk). 


Mih 

O. 


C0MP0.S1TI0N. 

. . ,s2-f)0 

. . d2 00 


IMhO 


72-05 

27-05 

IGO'OO 


d. Binoxide of fiiaiojaoeur is often produced in analysis by exposing a 
poiieenl, rated solution of iiilrato of ]>rotoxide of mangani'se to a gradiiallv 
increased temperature. .Vt 1 i<b, brown flakes separate, at 155' mueli 
nitrous acid is disengaged, and ihe whole of tlu; manganeses se]).arat(^s as aii- 
h}drous liinoxide. It is brownish black, and is deposited on tlie sides 
ol the vessel, wdth metallic lustre. It is insoluble in wivik nitric; aci<b but 
dissolves to a small amount in hot and coiu-enfratiMl idtric* acid (Duvii.i.i;). 
hi hydroeliloric acid it dissolves witli evolution ol'cldorine, in concentrated 
Bulplniric acid with liberation of oxvg«*n. ' rh(' binoxide i.s also not nn- 

piteii o1)taiue(l in the hydrated comiilion in analytical sc])ai-alioiis, thus 
|v\ icii Ave precipitate a solution of protoxide' with hyjiochloriti' of soda, or, 
W ter addition of acetate of .soda, with cldorine iu tlie lu'at. The browiiisli- 
'tek Hocculent precipitate thu.s obtained, contains alkali, from which it 
^uiinot be well freed by wa.sliiiig. 

I ^^(dp/iid(>^ of mdnrpuK’se, jirep.-ircd in the wet way, forms a flesh- 
p oicd ju’ccijiitatc. I must iiuike a fetv remarks witli reference to its ju-cci-- 
1 utioii.* Tliiv^ ij .5 en’ected Imt im'omplctcly if wo add to a ]nire inaii- 
3 ^‘iiiesc solution only sul[)hido ofammouium, no mutter whether it he color- 
perfectly effected it’ cldoride of ammonium he 
loe A very l;irg(* quantity even of chloride of ammonium 

iini^ the prGei])itation ; the pre.seiice of a largo quantity of fnu' 

111 intcTf’eres with the completeness of the j)reeipitation. 

*olut* allow to stand at least 24 hour.s, and with very dilute 

the hours, before filtering, tflie yellow sulpliide ofammouium is 

2ven ‘*'Pl’^opnato precij)itaut. In tlie presence of chloride, of ammonium 
^i]iit‘it‘ oi sulphide of ainmoiiium i.s uniujurious. If the [ire- 

H>lut‘ directed, the manganese can be prccijiitated from 

Mnited mdy ^ o cioiy.T the protoxide. If the fic.'^h-colorcd 

k^cin’i. v remains some time under tlie Iluid, from which it was 
^^pliide (p sometimes becomes converted into the gTecn anhydrous 
•I his appearance often occurs after a few hours or days, some- 


Journ. f. prakt, Chem. 82, 2G5. 
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times not for weeks. In acids (liydrocliloric, siilpliiiric, acetic, i^ c.) tlit 
liydratc dissolves Avitli evolution of sulplnirctted hydrogen. If the preci- 
pitate, while still moist, is expo.scd to the air, or washed with water im- 
pregnated with air, its fleshy tint changes to brown, hydrated protos(‘S(|ui- 
oxide of manganese being formed, together with a small portion of suljhatc 
of protoxide of manganese. Hence in washing the hydrate we always add 
some sulphide of ammonium to the wash-water, and kee[) the filter as lull 
as possible with the same. We guard against tl;e filtrate running throiidi 
turbid, by adding gradually decreasing quantities of chloride of ammoniiiin 
to the wash-water (at last none). (Expt. No. 44.) On igniting tlic pn ci- 
piUite mixed with sulplmr in a stream of hydrogen the ariliydroiis snlidiide 
remains. If we liave gently ignited during this process, the prmhicl is 
light green ; if we have strongly ignited, it is dark-gri'en to black. Neillior 
the green nor the black sulpliide attracts oxygen or water quickly froiiitli(‘ 
air (II. Ivose). 

CO.MPOSITION. 

Mn . . . . 27-5 63-22 

S .... 16-0 36-78 


43-5 100-00 

/. AnJn/drotis sulphate of protoxide q/* ???Y/n,( 7 r//<csc, produced by exposin? 
the crystallized .salt to the action of heat, is a white, Irialile ma.ss, reiidil}' 
solulile in water. It resists the })rotractcd appilication of a iiiint red hoitl 
but upon exposure to a more intense red heat, it suffers more or h's.^ t'oni- 
jtletc decomfiosition — o.xygen, sul[)hurous acid, and anhydrous siilpkiric 
acid being evolved, and jirotosesijuioxide of manganese remaining holiiid 
Ignited with powdered sulphur in a stream of hydrogen it is traiidormt'J 
into Bulphide (II. Hose). 

COMPOSITION. 

MnO . . . . 35-50 47-02 

SO, .... 40-00 52-98 


75-50 100-00 

§ 79. 

3. Protoxide of Nickel. 

Nickel is precipitated as iiydkated protoxide, and as sulpiiidk- 
always weighed in the form of protoxide. ^ 

a. Hydrated protoxide of nickel forms an apple-green precijiitato, , 
absolutely insoluble in water, but soluble in ammonia and carboiiaU' ‘ 
ammonia. From tlie.se solutions it is completely reprecipitated by 
or soda, added in excess; application of heat promotes the precipi^*'^ 
tion. It is unalterable in the air ; on ignition, it passes into anbyk*^^” 
protoxide. ^ . jji 

h. Protoxide of nickel is a dirty grayish -green powder, insohil' ^ ^ 
water, but readily soluble in hydrochloric acid. It docs not V 
table colors. It suffers no variation of weight upon ignition 
access of air. Mixed witli chloride of ammonium and ignited, it is rf 
to metallic nickel (H. Ko.se) ; it is also easily reduced by igniti^'^ 
Jiydrogeu or carbonic oxide gas. 
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COMPOSITION. 

Ni 29*5 78-67 

0 80 21-3;3 


37-5 100-00 

c. Ihjdrated sulphide of nickel, prepared in the wet way, forms a black 
precipitate, insoluble in water. I must make some observations on its 
'precipitation.* In order to precipitate the nickel from a pure solution 
Icompletoly and with ease, chloride of ammonium must be pre.sent, it is not 
enough to add sulphide of ammonium alone. A large quantity even of 
'chloride of ammonium produces no injurious effect. In the pre.sonce of 
free ammonia, on the contrary, some nickel remains in solution. In this 
case, the supernatint lluid a])pears brown. As precipit-mt, colorle,ss or 
light-yellow •ilphide of ammonium containing no free ammonia should ])e 
used, a large excess must be avoided. If the directions given are adhered 
to — allowing to stind 18 hours — the nickel may be preci])itiled by means 
of sulphide of ammonium, from solutions contiiining only of the 
oxide. As the precipitate is liable to take up oxygen from the air, being 
trauslbrined into sulphate, a little sulphide of ammonium i.s mixed with 
the wash-water, to Avhich also it is advisid)le to add chloride of ammonium 
jess and less — at last none); the filter should be kept full (Expt. No. 45). 
Brown fjltrate.s, conUiiuing sulphide of nickel in solution, may be freed 
rom the latter by acidulation with acetic acid, and boiling some time. 
The sulphide falls down, and may now lie filtered off. It is very sparingly 
ohihle in concentrated acetic acid, somewhat more .solubh; in hydrocddoric 
cid. It is more readily .soluble still in nitric acid, but its best solvent is 
itrohydrochloric acid. It lo.sos its water upon the application of a rod heat; 
dieii ignited in the air, it is tran.sfonncd into a basic compound of se.squi- 
xido ol nickel with sulphuric acid. ]\Iixcd with .sulphur and ignited in 
stream of hydrogen, a fused ma.^s remains, of pale-yellow color and 
metallic lustre. This consists of Nk 8, but its composition is not per- 
ictly constant (II. Kosn). 

§ 80. 

4. Pkotoxide of Cobalt. 

Cobalt is weighed in the PURE metallic state ; or as protosesquioxipk, 
‘IS sulphate of protoxide, or as nitrite of sesquioxide of cobalt and 
^tassa. Besides the properties of those substances, we have to study 
-re also those of the hydrated protoxide and of'tlie sulphide. 
f Hydrated protoxide of cobalt, — Upon precipitating a solution of 
etoxido of cobalt with potassa, a blue precipitate (a basic salt) is lormed 
irst, which, upon boiling with potassii in exce.ss, excluded from contact 
changes to light-red hydrated protoxide of cobalt ; if, on the con- 
this process is conducted with free access of air, the precipitate 
discolored, part of the hydrated protoxide being converted into 
J^uited sesquioxide. But tlie hydrate, prepared in this way, retains always 
9’^^rntity of the acid, and, even affer the most thorough washing 
hu’ ‘‘ ^otisiderable amount of the alkaline precipitant 

The results of my own experiments fully confirm this state- 
of biiKMY (Expt. No. 46). The metallic cobalt, tlierefore, which w^o 

* Journ. f. prakt. Chen)._82, 257. t Ibid. 57, 81. 
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obtain upon the ignition of the precipitate in liydrogen ga^^, manilcsis a 
strong alkaline reaction wh(‘n placed on moist turmeric pa]»or. On accoini^ 
of this unavoidable alkaline admixture, the oxide or metid obtained in tlii, 
way is unlit for the estimation of cobalt. 

Hydrated protoxide of cobalt is insoluble in watc'r, and also in potassa; 
it dissolves in solutions of ammoniacal salts; when dried in the air, it 
absorbs oxygen, and acejuires a browoiish color. 

h. When pure chloride of cobalt or nitrate of iirotoxide of cobalt i,< 
ignited in a current of hydrogen gas, pure nwtaUtc cohalt is olitaiiied, in 
tlie form of a grayish-black metallic powder, which is attracted by the 
magnet, and is more dillicnltly Insible than gold. II the reduction lias 
been elfected at a faint heat, the linely divided metal burns in tin; atr to 
])rotoscs(juioxide of cobalt, which is not the case il the rednetion has heon 
elTectcd at an intense red heat. Cobalt docs not decompose water, ciilior 
at the CMjmmon tem])eratur(\ or U]>on ctiullition— except sul|||Hiric acid Ihj 
jU’escnit, in which ca.'^e tlecomjxisition will cnsin;. Jleated with coiiciii- 
trated sulphuric acid, il ilirms sulphate of protoxide ol cobalt, with evolution 
of sulphurous acid, in nitric acid it di.ssolves readily to nitrate of ])roto.\iil( 
of col ta It. 

c. I ’pon ignition of tlie nitrate of ]»rotoxidc of cobalt, a black residue is 
left of consttint composition; this residue consists ol protosesquioxidL' ul 
cobtilt, a compound corre.sponding to the protosesipiioxide of iron, niid 
whitdi, accordingly, has the I’ormnla (’o () + ('(>„ t or Co^j ()^ (lvAMMi:L.si;i;i;ii, 
Fiikmy). This oxidir is insolulde in Aviiter; in warm hydrochloric acid it 
dissolves to protochloride ol’ cobalt, with evolution ol chlorine, \\lun 
Incited to redness with chloride of ammonium, it sull’ers reduction tc 
nic'tallic cobalt. If the igidtioii is eirected witli I’ree access ol air, or in !i 
ciirreiit of oxyg<m, the protoehloride, which forms at lirst, is reeoiivcrtol 
jiartly into amorphous, j»artly into crystalline jn'otosesipiioxide, bo,, 

( Ihi. SciiWAKZKNinaa.*), which is insoluble in liytlrocliluric iicid, but dn- 
solves ill coiiceiilrabtd sulphuric aci<l. 

C0.Mr0SIT10N. 

(V)^ 7d--ll 

(\ d2() i^i;r)(; 

120-r) iot)-oo 


(]. Sulphide of cohalt, produced in the w'ct wniy, forms a hlack precipi- 
tate, in.soluble in water, in alkalies, and in alkaline snljdiides. 
regard to its precipibition ; — this is elfected but slowly and imperli'ctly 1'} 
sulphide of ammonium aloni^, in tlie presence of chloride of amiimiiiuin 
however, it tak(;s place quickly and completely. Frei; ammonia is not 
injurious; it is all one, wliether colorless or yellow sulphide of aniian' 
Ilium is employed. II’ tlie directions given are ohserved, cohalt nniY 
jirecipitated from a solution containing no more than goi/oflo 
<»xid(!. In tlio iiioi.st condition, e.\jKj.se<l to the air, it oxidizes to sulplmt*- 
In washing it, therefore, water containing sulphide of aninioniuin 
emjiloyed, and the filter is kept full. It is ailvisahlo also to mix a 
chloride of ammonium with the wash-water, hut its quantity should I't 
gradually decreased, and the la.st water u.sed mn.Ht contain none. It 


* Aniial. (1. Chern, u. rharm. 97, 211. 
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p iritv’-ly soluble in acetic acid and in dilute mineral acids, more readily 
in concentrated mineral acids, and most readily in warm nitro-liydrocliloric 
acid Mixed with suljdiur and ignited in a stream of hydrogen, wo obtain 
<i product, varying according to the temperature employ'cd. Since, then, 
tlic composition of the residue is uncertain; it is not suited for the determi- 
nation of cobalt. (H. Iiosk). 

c. >S'///p/n//c of protoxide of cohalt crystallizes, in combination with 
7 aq., slowly in oblicjue rhombic prisms of a line red color. The crystals 
yield the whole of the 7 eq. of water, at a moderate heat, and are con- 
verted into a rose-colored anhydrous salt, which bears the ai)])lication of a 
crenlle red heat without losing acid. It dissolves rather dillicuJtly in cold, 
but more readily in hot water. 

COMPOSITION. 

Co O . . . . 37-5 48*39 

SO, .... 40-0 hl-fil 

77*5 lUOOU 

f. Nitrite of sc^^qnioxide of cohott and j>otass<t, which is easily^ j)ro- 
diieed by mixing a solution of protoxide of cobalt witli nitrite of potassii 
ami some nitric or acetic acid, forms a crystalline preci]»itatc ol' a line 
yellow color, which dissolves to a very ju-rceptible amount in ])uro water, 
and still more co[>iously in water containing chloride of sodium and chlo- 
ride of ammonium. In rather concentrated solutions of salts of potas.sa 
(K 0, S Oj, - K Cl, - K 0, N - K 0, A), on the other hand, it is in- 
soluble even upon boiling. jme.sence of a .^Jiadl ]>roportion ol free 

acetic acid exercises no solv('nt action under these circumstances. Tlie 
])recipitate does not dis.solve in alcohol of .SO ])er cent.; but it dissolves, 
thongb not copiously, in boiling water, to a red fluid. Nitrite ol ses<pii- 
i oxide of cobalt and potas.sa is decomposed with dillicidty by* s(dution ot 
potiissa, Imt readily by solution ol‘ soda, or l)y Itaryta-water ; the decom- 
position is attended with separation of brown hydrated ses(pnoxide ot 
cobalt (A. S'l'iioMKVF. u*). According to this chemist, nitrite of ses(pdoxide 
ot cobalt and potassii dried at IbO'y has the following composition ; 


Co^O^ . . 

. , 83-00 

19*20 

3 K 0 . . 

. . 111-33 

32*09 

f) N 0, . . 

. . 100-00 

43*95 

2 11 0 . . 

. . 18-00 

4*IG 


432-33 

100*00 


100 parts of the compound correspond accordingly* to 17'3i) of prot- 
f>?^ide ol'eulndt (Co ()), or 13-() I of cobalt. It is decomposed by ignition, 
and gives protosesquioxidc of col)alt and poUissii. 

§ 81. 

5. Protoxide of Iron; and 6. Sesquioxidf. of Iron. 

h'on is usually weighed in the form of se.sqim oxide, occasionally as si L- 
J’liiDE. Wo have to study also the hydrated sESipuoxiDE, the srcciNATE 
tjik sesquioxide, the acetate of the sesqcioxide, and the tormiate 

the SESQUIOXIDE. 


Annal. d, Chem. u. Phann. 96, 218. 
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a. HydrateAl sesqiiwxtde of iron^ recently prepared, ia a reddisli-browii 
precipitate, insoluble in water, in the alkalies, and in aininoniacal salts, bin 
readily soluble in acida; the process of drying very greatly reduces tin, 
bulk of this precipitate. When dry, it presents the appearance of a Ijrown, 
hard mass, with shining conchoidal fracture. It the precipitant alkali is 
not used in excess, the precipitiite contiiins basic siilt ; on the other hand, 
if the alkali has been used in excess, a i)ortion of it is invariably carried 
down in combination with the ses(piioxidc of iron, — on wliich accouiit 
ammonia alone can projwrly be used in analysis, as a precipitant for sails of 
ses(puoxide of iron. IJnder certain circumstances, for instance, by ])ro- 
tracted heating of a solution of acetate of scsrpiioxide of iron on tlio 
water-bath (which turns the solution from blood-nnl to brick-rc<l, and 
makes it appear turbid by reflected light), and subscriuent addition of 
some sulphuric acid or salt of an alkali, .a reddish-brown hydrate is pro- 
duced, which is insoluble in cold acids, ev’^en though concei|J|at(Hl, and is 
not attacked even by boiling nitric acid (L. Pkan dk St. Gili.es*). 

/>. The liydratcd s('S(juioxide of iron is, upon ignition, converbal into 
tlie (inhydroHS sestpiioxidc. If the hydrated scs(piioxide has not been most 
carefully and thoroughly dried, the small .solid lumps, though dry outside, 
retain still a portion of water confined within, the sudd('n convei'sion ol 
that water into steam, u])on the application of* a red heat, will cause' par- 
ticles of the sesquioxide to fly about, and may thus lead to loss of substaiuc, 
Pure sesepiioxidc of iron, when ))lac('d upem moist reddened litmus j)apor, 
does not change the color to l)lne. It <lissolv(iS slowly in dilute, but iikh'i' 
rapidly in concentrated hydrochloric acid ; the application of a moderate; 
degree of heat effects this solution mor<; readily than boiling. Willi a 
mixture of 8 parts comanitrated sulphuric acid and o j^arts wat('r, it 
l;)ehaves in the saime manner as alumina. 

TIk; weight of the sesejuioxide does not vary u})()n ignition in the air; 
when ignited together with chloride of ammonium, sescpiichloride of iri'ii 
escapes. Ignition with charcoal, in a closed vess(*l, ri.'duces it more ('r less 
Strongly ignited with sulphur in a stream of hydrogen, it is transiuruiol 
into jjrotosulphide. 

COMPOSITION. 

Fc^ .... bt) 7000 

O, 21 3()00 

80 100-00 

c. Sulphide of iron, produced in the humid way, forms a black precipi- 
tiito. The following facts are to be noticed with regard to its precijiiHi' 
tion.f Sulphide of aminoniutn used alone, wliether colorless or yelle'V, 
j)recipitates pure neutral solutions of protoxide of iron, but slowly aiu' 
imperfectly. Chloride of ammonium acts very favorably; a large oxa's-’ 
even is not attended with inconvenience. Ammonia has no injurioii^ 
action. It is all the sjimc whether the sul])hide of ammonium be coleik-^^ 
or light yellow. If the directions given are observed, iron may be 
pitated by means of sulphide of ammonium from solutions containing only 
the protoxide. In such a case, however, it is ncces,s:uy 
allow to stand forty-eight hours. Since the precipitate rapidly oxidi^^os in 
conbict with air, sulfdiide of ammonium is to be added to the wash-watei, 
and the filter kept full. It is well also to mix a little chloride ol aiuiu^ 

* Journ, f. prakt. Chem. 66, 137. t Ihld. 82, 268. 
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tiiiim with the wash-water, but the (piantity sliould be continually reduced, 
iiid the last water used should contain none. In mineral acids, even when 
very dilute, the hydrated sulphide dissolves readily. Mixed with sul])hur, 
and strongly ignited in stream of hydrogen, anhydrous protosulphide 
remains (11. Kose). 

COMPOSITION. 

Fe .... 28 6.3-64 

S 16 36'36 


14 100-00 

d. When a neutral solution of a salt of sesquioxide of iron is mixed 
with a neutral solution of an alkaline succinate, a cinnamon-colored preci- 
pitate of a brighter or darker tint is formed; this is succinate of sesqui- 
o.vide of 0^, Cg 11^ 0^). It results from the nature of this ])re- 

cipitate, that its firmation must set free an equivalent of acid (of succinic 
acid, if the succinate of ammonia is used in exc(!ss); e.q., 2 (Fe^ 0^, 3 S OJ + 

;i (2 N II, 0, Cg 11, Og) + 2110 = 2 (Fe, 0^, C; II, (\) + 6 (N H, 0, 

8 0J + 2 II 0, Cgll, Og. The free succinic acid does not exercise any 
perceptible solvent action u})on the precipitate in a cold and highly dilute 
solution, but it rcdissolves the precipitate a little more readily in a warm 
solution. The precipitate must therefore be liltercd cold, ifweAvant to 
guard against re-solution. Formerly the precipitate was erroneously sup- 
posed to consist of a neutral salt, decompos;ible by hot water into an in- 
soluble basic and a solubh^ acid compound. Succinate of se.scpiioxido of 
iron is insoluble in cold, and but sparingly soluble in hot water. It 
dissolves readily in mineral acids. Ammonia deprives it of the gi-eater 
portion of its acid, leaving com[)ounds similar to the hydrated sesquioxide 
of iron, whi(*h conhiin from 1«"< to 30 eq. lAq for 1 oq. 11, 0^ 
(Dopping). Warm ammonia witlnlraws the acid more com])letely tliaii 
cold ammonia. 

t’. if to a solution of a sidt of .sesquioxide of iron carbonate of soda be 
added in the cold, till the Iluid contains no more free acid, and in conse- 
quence of the formation of ba.sic .sjilt has become deep red, but remains 
«till perfectly clear, and then acehite of soda bo poured in and the mixture 
boiled, the whole of the iron wall bo precij)ibU.cd as bttsic acetate of sesqui- 
oiide. The success of this operation depends on the iron .solution l)eing 
suilicicntly dilute, the free acid sulliciontly neutralized, and tlu^ acaUate of 
^uda ill sudiciont quantity. The duration of the boiling is of small im- 
]>ortance; if the proportions have been properly hit one boiling up is enough. 
It need hardly be mentioned that the iron must previously be all con- 
verted into sesquioxide. Instead of carbonate and acetate of .soda the 
corr(?.sponding salts of ammonia may be u.sed. The precipitate may usually 
be filtered off and washed without any iron passing into the filtrate ; some- 
buies, however, the reverse is the ciise. I should recommend not to 
i>oil longer than necessary to precipitate, to filter hot, and to use boiling 
w.ish- water mixed with some acetate of soda or of ammonia ; this gives 
to no inconvenience, since the precipitate is usually redissolved in 
bydrochloric acid, and this solution fimally |)recipitatcd with ammonia. 

_ A Instead of the acetate of soda or ammonia used in c, the correspond- 
forrniates may bo used. The basic formiate of sesquioxide of iron 
obtained is more easily washed than the basic acetate (Fr. Schulze*). 

* Chem. Centralblatt, 18G1, 3. 
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RASES OF THE FIFTH GROUP. 

§ 82. 

1. Oxide of Silver. 

Silver may be weighed in the metallic state, as ctiloiude, sulphide, or 
CYANIDE. 

o. Metallir. silver^ obtained l»y tin; ignition of wilts of silver witli oigMiiir 
acids, ct'e., is a loose, light, white, glittering mass of metallie lustre ; but, when 
obtained by rediieing chloride of silver, t'^ c., in the wet way, by theaLMMicv 
of zinc, it is a dull grey jwvder. It is not fusil>le over a Bi;r/.ei>ii's' laiiij), 
Ignitimi leaves its weight unaltered. It dissolves readily and compk'tcly 
in dilute nitric acid. 

h. Cfi/aritfe of silrer^ recently jm'cipitated, is white and curdy. On 
shaking, the large .spongy flocks combine with the smaller ])ar^cles, so tliat 
the fluid becomes ])<ni(H‘tly clear. This result is, howc'ver, only satis- 
factorily elleeted, when the flocks have been produi'ed in presema* ol exoss 
of silver solufion, and wIhmi fhey have Ixaai recently ]irecipitated (('oni]i:iri- 
G. J. lAfuEDER*). Chloride of silver is in a very high di'gree insoluMc in 
xvatu-r and in dilute nitric acid ; strong nitric acid, on the eontrary, dnis 
dis.solve a trace. Hydrochloric acid, esjiecially if concentrated and Ix'iliiig 
dissolves it very perce]>tibly. According to I’ikrke, 1 ]>art of clduridf oi' 
silver reipiires for .solution 200 parts of strong liydrochloric acid and fVH' 
]»arts of a dilute acid, com])osed of ] part strong aidd and 2 ]»arts wniu'. 
On sufficiently diluting .such a solution with cold water the eliloridrci 
silver fidls out so completely th.at the filtrate is not colored by sulpliu- 
retted hy<lrog(‘n. Chloride of silver is insoluble, or very nearly so in roii- 
centrated sulpduiric acid; in the dilute? acid it is as insoluble as in waitr. 
Jn a solution of tartaric acid chloidde of silver di.s.solves percejit ildy on 
xvarming; on cooling, however, the .solution deposits the whole, or, at all 
events, tlu; greater jeart of' it. Aquesuis .solutions of chlorides (ol sodium. 
P'Ota.ssium, ammonium, calcium, zinc, Ac.) all di.ssolve ap{>reciable (pmn- 
litics of chloride of .silver, es|>ecially if they are hot and c()ncciitra1ol. 
On suflieient dilution with cold watiir the dissolved portion separates si 
completely that the filtrate is not colored hy sul])huretted hydrogen, 
solutions of alkaline and alkaline earthy nitrates also di.ssolve a lit>“' 
eldoride of .silver. Tlie soluhility in the cold is trilling; in the heat, 
the contrary, it is very pereepf ihle. A solution of idtrate of mereury dis- 
solves chloride of silver to a toleralile extent; alkaline acetates separate it 
from tlie .solution. Solutions of potasli and soda ileeomjiose chlori'^eot 
silver, even at tlie ordinary teni[)eraturc, more readily on boiling; oxidc'd 
silver .separates, and chloride of the alkali nuital is formed. Soliitiein' 
carbonate of soda or of ])()tash diieomposcs eldoride of silver only 
imperfe(;tly oven on boiling; after long boiling decided traces of cldeni'^' 
are found in the filtrate. Chloride of silver di.s.solves readily in aquei'i’^ 
ammorda, and also in the solution of cyanide of potassium and tlud 
liyposulphite of soda. According to Wallace and liAMONTf 1 

chhjrido of silver dis-solvcs in 12-88 jKirts of strong aipuious amnioiiiii <’ 

()’8‘.) Hp. gr. Under the influence of light the chloride of silver soon cliaiiK^j® 
to violet, finally black, losing chlorine, and passing partly into Ag, ^ ' 

• Die Silhorprobirmettiode, tranHlated into German by D. Chr. Grimm, PD 
311. Leipzig: J. J. Weber. 18.00. 

t Cbein. Gaz. 1859, 137. 
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'Plio cliange in quite Ruperfieial, but the loss of weight resulting is very 
n] i|treciahle (iVIuLDKJi op. at. j). 21). If chloride of silver th.at has become 
violet or black from the iulluencc of light be treated with aqueous ammonia 
it dissolves with separation of a very .small quantity of metallic silver^ 
Cl gdves Ag Cl and Ag (Wittstein). On long contact (say for 21 
Iioiirs) with pure water, e.specially if hot of 75'", chloride of silver, although 
rcnioved from the inlluence of light, becomes grey, and, it aj)j)ears, decom- 
posed ; the ])rccipitite is found to contain oxide of silver, and the water 
liydrocldoric acid (Muldeu). On digestion with excess of solution of 
hrojidde or iodide of jjotassium the chloride of silver is completely trans- 
jbnnod into bromide or iodide of silver, as the case may be (Field*). On 
drying, chloride of silver becomes pidverulent ; on heating, it acquires a 
yellow color ; at 20(C it fuses to a tr.ansparent yellow Iluid, which on cooling 
pniscnits tlic appearance of a colorless and slightly yellowish mass. At a 
very strong heat it volatilizes unchanged. Fused in chlorine gas, it absorbs 
some chlorine; on cooling, this csca])es, but not comi)letely. If it is to be 
completely exj)ell(Hl, and, in very (hdicate experiments this must be done, 
we. pass carbonic acid before allowing to cool (Sr.xsf). Ignition with char- 
coal lads to effect its reduction to the metallic stiite; but it may be readily 
leduced to nuitallic silver, by igniting it in a current of hydrogen, car- 
Imrctted hydrogen, or carbonic oxide gas. 

C(OMI*OSITION. 

Ag . . . . 10707 75-28 

Cl .... 35-lt; 24-72 


Mold lOO-UO 

C. Sii/pJiMir of silrrr, prepared in the humid way, is a black preei])itate, 
iiisoliildc in watcu-, diluti! acids, alkalies, and alkaline sulphides. This 
precipitate is unalterable in the air; after being allowed to subside, it is 
filtered and waslied with ease, and may be dried at 100'", without suffering 
dm)iiiposition. It dissolves in concentratisl nitric acid, with .separation of 
«iil]»linr. Solution of cyanide of potassium fails to dissolve sulphide of 
^1 ver, except the cyanide be used gO’witly in excess. In the latter case it 
^i^solvos to a sliglit extent, but is generally reprecipitated on addition 
0 water (Hkciiaaii>|). Ignited in a current of hydrogen, it passes readily 
‘'lid completely into the metallic sUite (11. Kose). 

COMPOSITION. 

Ag . . . . 107-1)7 87-07 

18 .... 10-00 12-1)3 


12;M)7 100-00 

Cjianulc of silver, recently thrown down, forms a white curdy preci- 
f iUte insoluble in water and dilute nitric acid, soluble in cyanide of jiotas- 
tliT ammonia; exposure to light fails to imj»art the slightest 

^'* 0 ^ of Idack to it; it may bo dried at 100^ without suffering decomposi- 

t Fhem. Soc. x. 234 ; Journ. f. pr.ikt. Clieni. 73, 404. 

i860 lea rapports rC'ciproquos des poi«ls atoiniques, p. 37. Bruxelles, 

pulainn weight which about 100 grm. chloride of silver sutfered, by the ex- 

01 tlie absorbed chlorine, was from 7-13 ingrtn. 

^ Journ. f. prakt, Chem. 60, 64. 
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tion. Upon ignition, it is decomposed into cyanogen gas, which o.s(!apcs, 
and metallic silver, which remains, mixed with a little paracyanide of 
silver. By boiling with a mixture of equal parts of sulphuric acid and 
water, it is, according to Glassfoiid and Nai’IKK, dissolved to snlpdiatn ul 
silver, with liberation of hydrocyanic acid. 

COMPOSITION. 

Ag . . . . 107*97 80-G0 

C,X .... 26*00 19 10 

133*97 100*00 


§ 83 . 

2. Oxide of Lead. 

Lead is weighed as oxide, sueimiate, ciiuomate, chloride, and sii.i’iiifii,, 
Beside.s these compounds, we have also to study the caruonate and die 
oxalate. 

a. iVeutral carbonate of lead forms a heavy, white, pulvernhmt preei- 
pitate. It is but very slightly solulde in perhictly pure (boiled) wai.r 
(oiie part re(iuiring 50530 })arts, see FiX]>t, No 47, u) ; but it dissolve 
somewhat more readily in water containing ammonia and amnioiii.ii.il 
siilts (comp. Expt. No. 47, h and c). It dissolves also somewhat iiiore 
readily in water impregnated with carbonic acid, than in pure water. It 
loses its carbonic acid when ignited. 

h. Oxalate of lead is a white ]»ow<ler, very sparingly soluVile in walo. 
The presence ol .ammonia .salts slightly increases its solubility (Lxjit. X" 
4<S). When heated in clo.se vessels, it leaves suboxide oi' lead ; but wluii 
heated, with access of air, yellow oxide (ja-otoxide). 

c. Oxide, or prot(Ki:ide, of lead, produci'd by igniting the carboirito or 
oxalate, is a lemon-yellow powder, inclining sometimes to a reddish 
or to a pale yellow. When this yellow oxides ot lead is heated, it as>imi'' 
a brownish-red color, without the slightest variation of weight. ^ It 
at an intense red h(*at. Ignition with charcoal reduces it. W h('n ia 
posed to a white licat, ])ut not l)efon;, it rises in vai)or. ldac(‘d up'” 
moist reddened litmus paper, it changes the color to blue. XN hen eN]><>s‘'| f" 
the air, it slowly absorbs carl )onic acid. Mixed with chloride ol ammeiiiui'* 
and ignited, it i.s converted into chloride of lead. Oxide ol lead in a 
of fusion readily dis.solves silicic acid and the earthy bases with which 


latter may be combined. 



COMROSITION. 


Vh . . 

. . . 103*50 

92*83 

0 . . 

. . . 8*00 

7*17 


111*50 100*00 

d. Sulphate of lead i.s a heavy white powder. It dis.solves, at hi*- 
common temperature, in 22800 parts of pure water (Kxpt. No. .V 
le.ss soluble still in water conUiining sidphuric acid (one part 
36500 parl&— Expt. No. 50); it is far more readily soluble 
taining amrnoniaail salts; from this solution it may be preci|)it.itei -ip 
by adding sulphuric acid in excess (Expt. No. 51). It is almost eii 
insoluble in alcohol and spirit of wine. Of the salts of animoi)W> 
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nitrate, acetate, and tartrate are more especially suited to serve as solvents 
for sulphate of lead : the two latter salts of ainnionia are niade strongly 
alkaline by addition of ammonia, previous to use (WACKENUomui). Sul- 
phate of lead dissolves in concentrated hydrochloric acid, upon heating. 
Ill nitric acid it dissolves the more readily, the more concentrated and 
hotter the acid; water fails to prccipiUite it from its solution in nitric 
acid; bnt the addition of a copious amount of dilute sulphuric acid causes 
its preeijntation from this solution. The more nitric acid the solution 
contains, the more sulphuric acid is required to throw down the sulphate 
of lead. Sulphate of lead dissolves sj)aringly in concentrated sulphuric 
acid, and the dissolved portion precipitates again upon diluting the acid 
with water (more compleUdy upon addition of alcohol). A moderately 
concentrated solution of hyjiosulphite of soda <lissolves the sul])hate of lead 
conijdetely even if cold, more readily if warmed ; on boiling, tlie solution 
hcconics black from separation of a small quantity of sul[)hide of lead. 
(J. LiiWE *). The solutions of carbonates and bicarboiiates of the alkalies 
convert sulphate of lead, even at the common temperature, completely into 
carbonate of lead. The solutions of the carbonates, hut not those of the bi- 
carbonates, dissolve some o.xide of lead in tliis process (H. KosEj), Sulphate 
of lead dissolves readily in liot solutions of potassii or soda. It is unalterable 
in the air, and at a gentle red heat ; when exposed to a higher degree of 
boat, it fuses Avithout suffering decomposition (Expt. No. 52), provided 
always the action of reducing gases be completely excluded — for, if this is 
not the case, the weight will continually diminish, owing to the reduction 
of Pb 0, S Oj, to Pb 8 (Krdm.wnJ). When suljdiatc of lead is ignited 
Avith charcoal, sul[>hide of l«id is formed at first, if the lieat be raised, this 
sulphide reacts on undecom|)Osed sulphate, metallic lead and suli)hurous 
acid being produced. Fusion Avith cyanide of pota.ssi uni reduces the whole 
of the lead to the met-allic state. Sulphate of lead mixed Avith sulphur and 
exposed to intense ignition in a current of hydrogen, yields the cor- 
responding amount of suliihide (Pb 8). 

C0.A1P0SITI0N. 

PbO. . . . 111-50 7300 

8 .... 40-00 20-40 


151-50 


100-00 


e. ChJoruJe of lead exists cither in the form of small, brilliant crystal- 
I’lie needles, or as a white powder ; it dissolves, at the common tempera- 
ture, in 135 parts of Avater; and is far more soluhle in hot Avuter. It 
dissolves less readily in Avater mixed Avith hydrochloric or nitric acid, one 
fart requiring 1030 parts of Avater contiining nitric acid (IIischok); 

dissolves freely in concentrated Iiydrochloric acid, from Avhich solution 
H may bo partially precipitated again l^y addition of Avater. It is ex- 
heniely sparingly soluldo in spirit of Avino of from 70 to 80 per cent., and 
^hogether insoluble in absolute alcohol. It is unalterable in the air. It 
at a temperature beloAv red lieat, Avitliout suffering any diminution of 
^'t'lglit. When exposed to a higher temperature, Avitli access of air, it 
''‘latilizea slowly, being partially decompo.scd : chlorine gas escapes, and a 
^uixture of oxide and chloride of lead remains. 

* Journ. f. prakt. Chein. 74, 348. + Fogg. Annal. 95, 42G. 

t Jouru. f. prakt. Chem. 62, 881. 
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COMPOSITION. 

Pb .... 10:pr)() 7448 

Cl 351G 25-52 


138-136 lOO-OO 

f. Sulphide of lead, prepared in tlie wet way, is a blaek ])rG( i]»ii;ii(, 
insoluble in water, dilule acids, alkalies, and alkaline suli)liides. Jn juv. 
cipitatin^iT it from a solution eontaining Iree bydrocbloric acid, it is iiccts- 
sary to dilute plentifully, otberwise the ](r(‘cipitation will be incoinplite, 
Even if a fluid only eontiun 2-5 per cent. II Cl, the whoh; of tlie lead will 
not 1)0 pre(‘i]Mtuted (M. Martin*). It is un.-ilterable in the air; it (aniint 
be dried at 10(C without snlfering decomposition. According to II. IIdsi; 
it increa.ses [)erceptibly in ■weight by oxidation; in the case* of loiiLf- 
protracted drying even becoming a few |)er-ceiits heavier. -j" 1 have roii- 

tirmed his shitement (.see Ivxpt. No. 53). If .sulphate of lead mixed wirli 
sul[)hur be exposed in a eurn'iit of hydrogen to a good red heat, pur(‘ en’s- 
tallino Pb S nanains; if a less heat l>e em})loyed, the residui? contains 
excess of sulphur. (II. Kosr.J). It di.ssolvc-s in eA)neentrated IkjL hvilro- 
chloric acid, with evolution of sulphurettxsl hydrogen. In modii-atnlv 
strong nitric acid, .sulphide of lead di.ssolves, u|)on the ap|)licatioii nf 
heat, witli .separation of sulphur ; — If t.ht! acid is rather coiieeiitrati il. a 
small portion of sidphate of lead is also I’ormeil. Fuming nitrii; acid mN 
eiKM'getieally U[)on sulphide of lead, and converts it into sulphate willitjii! 


separation of sulphur. 

COMroSITION. 


Pb . 

. . . l()3-.')0 

86-61 

S . . 

. . . 16-00 

13-31) 


llDoO 

100-00 


fj. For the composition and jaroperties of vhroindte of Icad^ .see ('homo' 
acid, § 133, 2. 

§ 

3. SitnoxiDK OF Mercury; and -1. Oxide of Mercury. 

Mercury is weighr;)! either in the .metaeeic state, as suiiCiiEORii't, "i’ 
a.s .suEi’iiii)E, or oeca.sif)nally also as oxide. 

a. Metallic iiicrcurif is Ii(piid at tin; common tem])erature ; it has a tii>- 
whlte color. When pure, it j)resent.s a pi'ifeetly laright surface. It 
niialteralde in the air at the common tem[)eraturc. It boils at 3<I<h- 
eva[K)rates, but very slowly, at the ordinary temp(;ratur(i of summer. 1 I"'’’ 
long-continued boiling with water, a small portion of mercury voIatil>^'^'"’ 
and traces e.sca[)e along with the aqueous va[)or, whilst a very minute g'l'- 
portion remains suspendcil (not di.s.solved) in the w'ater (comp. I'"'!’’ 
No. 54). Thi.s su.sjxmded portion of mercury subsides com[)letely alu> 
long standing. When metallic mercury is preci|»itat(Ml from a Ihiid, m 
very minutely divided state, the small globules will readily unite ird'’ 
large one if the mercury be perfectly [)uro; but even the slightest traced 

* .lonm. f. prakt. Clicm. 07, 374. 

+ Pogg. Annal. 1)1, 110 ; and 110, 134. 

4 Pogg. Annal. 110, 135. 
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extraneous inaitcr, sucli as fat, &c., adlieriug to tlic mercury will prevent 
the union of the globules. IMercury does not dissolve in hydrochloric 
acid not even in concentrated; it is barely soluble in dilute cold sidphiirlc 
'icid^ but divssolves readily in nitric acid, and in boiling concentrated sul- 
phuric acid. 1 . 1 .1 , . 

b. Siibchforkk of merenry^ prepared in the wi^t way, is a heavy wlnte 

nowder. It is almost absolntcdy insoluble in cold water; in boiling water 
it is oTadually decomposed, the water taking up chlorine and inercnry ; 
hipon continued boiling, the residue acquirc'S a grey color. Highly dilute 
hydrochloric acid fails to dissolve subcliloride of' iiKU’Ciiry'’ at the common 
temperature, but dissolves it slowly at a higher tcnijHU'ature ; upon ebulli- 
tion with access of air, tin; whole of the sulxddoride is gradually dissolved 
by the dilute acid: the solution contains chloride ofmercury(Hg 2 Cl + 
II Cl f 0 - 2 Hg (11 + 1 1 (1). Suixddoride of mercury, wdien acted upon 
hv boiling concentrated hydrochloric acid, is rather speedily decomposed 
into nierciiry, which remains undissolvod, and chloride of mercury, which 
dissolves. Boiling nitric acid dissolves subchloridc of mercury, and con- 
verts it into chloride and nitrate of mercury, b'hlorinc water and nitro- 
livdrochloric acid dissolve it to chloride, even in the cold. Solutions of 
clilnride of anmionium, chloride of .so<lium, and chloride of i)otassium, 
decompose subchloride of mercury into metallic mercury and (diloride of 
mercury, which latter dissolves; at a low teni])erature, tliis decomjHisition 
is confined to a small portion of (he subchloridc, l>ut the a)>plie;Uion of 
heat promotes the decomjiosing action of these solutions. Subchloride of 
mercury does not aireet vegetal dc; colors; it is unalteralde in tlu! air, .and 
may be dried at U)(b, without snllering any diminution of weiglit ; wlien 
exposed to a. higher degree of heal, though .still below rednc.ss, it volatilizes 
I completely, without previous fusion. 

COMPOSITtON. 

Ilg.^ .... 20dO0 81-9I 

Cl ... . Hold lo-OG 

235- Id lOO-OO 

't Sulphide of mcreury, prepared in the wot w.av, is a Idaek powdei’. in- 
st'luhlc ill water. Dilute hydrochloric* acid .-uni dilute nitric acid liiil to 
dissolve it, and it remains iu.soluble even in boiling hvdrochloric acid ; it 
is only very slightly soIul)le in hot eoncentrati'd nitric acid, Imt it dissolves 
roadily in nitrohydroehloric acid. From a solution of chloride of merenrv, 
l^oiitaining much iree hydroeldoric .-icid, the whole of the metal e;mnot be 
[pi’ccipitatcd liy means of sulphuretted hydrogen, as Hg S, until the solution 
p-i properly^ diluted. Should sueli a solution bo very coneeutrated, sub- 
diloride of mercury and sul[)hur are precipitated (Af. Solution of 

b'hissu, even lioiling, liiils to dis.solvo it. It <lissolves in stdjdiido of jiotas- 
but readily only in pre.senco of free alkali (Expt. No. hh). Sulphide 
d aninionium, cyanide of potassium, and sulphite of soda do not dissolve 
Bn account of the solubility of sul})hidc of mercury in .sulphide of 
P"fa,ssiuiu^ it is impossible to precipitate mercury by means of sidphide of 
'^""'iniiiiun comt>letely from solutions ('ontaining hydrate or carbonate of 
l"’tis,s;i oj. sodu. Such solutions may occur, for instance, when a solution 
^ diloride of mercury contains mucli chloride of pohissiuin, or chloride 

* Journ. f. prakt. Cbom. 67, 376. 
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of sodium, for, in this case, no oxide of mercury would be precipitatwl (► 
the addition of potossa or soda (II. Kosk*). In the air it is unalUralilf, 
even in the moist stiite, and at 100°. When exposed to a higher tciiijitj. 
ratiire, it sublimes completely and unaltered. 


COMPOSITION. 

Hg .... 100-00 86-21 

S 16-00 13-79 


116-00 100-00 

d. Oxide of merevry, prepared in the dry way, is a crystalline hri(k- 
colorcd powder, wliich, when (‘xposed to the action of heat, changes to tlir 
color of (•innabar, and sul>so<piently to a violet-black tint. It bears ;i 
tolerably strong heat without suffering decomposition ; but, wlnni lioatHl 
to incipient redness, it is decomposed into mercury and oxygcai ; perft ctly 
pure oxide of mercury leaves no residue upon continued exj)osure to a nd 
lieat. The escaping fumes also should not redden litmus j)aj>er. Watn 
tnkes up a trace of oxide of mercury, acquiring thereby a very weak alkiliiic 
reaction. Hydrochloric or nitric acid dissolves it readily. 

COMPOSITION. 

Hg .... 100-00 92-59 

O 8-00 7-11 


108-00 100-00 


§ 85 . 

5. Oxide of Copper. 

Copper is usually weighed in the metallic state, or in the form o 
OXIDE, or of sunsui.PHlDK. Besides these forms, we liavo to e.xaniint tb 
.sulpuide, the sunoxiDE, and the siuisulpiiocyanide. 

a. Cojtpery in the ])ure state, is a m(;tal of a j)cculiar well-knoM’n color 

It fu.scs only at a white heat. Kxj)Osure to dry air, or to moist air, Im 
from earl)onic acid, leaves the fu.scd metal unaltered ; but upon exposnr 
U) moist air iniprcgnate<l with carbonic acid, it becomes giadiially t;ir 
nished and coated with a film, first of a blackish gray, finally of a I'lm^l 
green cidor. Preeijiitated findy divided coi)p(!r, in contact with water ain 
air, oxidizes far more quickly, especially at an elevated temperature, f' 
igniting copper in the air, a layer of black oxide forms on its surface. In 
droehloric acid fails to dissolve it, even upon boiling, if the air is exelum' 
but with free access of air, it dis.solves it slowly. Copper dissolves re;uu 
in nitric acid. In ammonia it dissolves slowly if free access is given ^ 
the air; but it remains in.soluble in that menstruum if the air is exclm^i 
Metallic copper brought into contact in a closed vessel with .soliitien ' 
chloride of copper in hydrochloric; acid, or with an annnoniacal solut'^j 
of oxide of cop|)c*r, reduces the chloride to subchloride, or the oxna; 
suboxide, an equivalent of meUil being dissolved for every c(tuivaK'»t ‘ 
chloride or oxide. • 

b. Oxide of copper . — If a dilute, cold, acpicous solution of a salt of 

* Pogg. Annal. 110, 141 
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of copper is mixcil witli solution of ootiLssa or s,,,!.. : 
precipitate of hydrated oxide of coj)ner (Ch 0 If (n 
is fomid difficult to wash. If the ureciuifMfn ’'vluVh it 
which it ha.s been preeijiitatal, it will even at 1 

change to brownish-black, yielding „p the g, -cater »?’->^'"aIh- 

hy(lr.-ition, ajid p,asamg into 3 Cn 0, JI O (M inj,.s*i * ^ ‘ ' '‘** "■‘t' r ol 

This transformation is immediate upon heatino tbo ii • . 
bojlmg. The Hind filtered olf from the bl-u-k ■ • n 
capper. If the solution,, in q«e.stion are mltin, <'™‘ 

addition to the formation of the bine invinii-J the 11^1 1 Tc 
blue color, owing to a portion- of very minnti-lv di, ' " ‘ 
remaining suspended in it. From a linid of^t L ’'T'l'Bld oxide 

traded 1 lulling will fail to procimtato all fl even jtro- 

after dilution with water, Imwevlw \l,e desired ol"-’*’? '“■’'i i 

Ifa solution ofas-dtof CO -per con i Z , a -ntl'' 

[addition of alkali in e.xce.s!, will, ov™ i ' "'f* ^'•'■^tance.s, tbo 

[wliole ol the coiipor a.s oxide Tin I i . i f*' l'rc-i-i|)ii.-ite t)ie 

'H0)preeipltatij wi;;. "i. o^liir'^!; :’ f 1 1, 0, 

of copiier retains a portion of tlie pr,-clnii-n,f „.i!| ' ' ' T 
itmay, however, be completely freed li-om'this 1 v fena.-ity; 

Water. Oxide of copper, proiiared bv tl I ^ " with boiling 
"ib-ate of cop,, or b -' tli ;l<«-n,,,os,„on of carbonate o? 
i»"--!-, the ti-iigi, of wi, .,-1 1;;:::,;;;;;*, - bim-k 

jver the ga.s- or .s|,ii-it-|.-nn|,, provided -,ll ’,.- l 

[(h.\-|,t, No. nii). The .same ooidcr i - . I he excluded 

coiijici- obtained by in-,-ci,,i!al ,.n If .i’v-- I !d'‘' ''5' .‘g''ituig the o.xidc of 
^.•oachiiigtho liJiig , • u, -1 : '-'t 

b'adily reduced by igidtim" I, is\V„ ! 

g®''-s; heated in tlicair, the redueeihu,.f.illi,'."". '' ' '"''''^'"';'''d'i-edueiiig 

'[■'di siilpliiir and ignited inaourrenf u’l ' '’‘ffiP*'*' d-uxidizos. Mixed 

' 'Ol l'cr, m contact with the aUn,Ki,|,ere l ’ ~ 

I«» I'lt -sliglilly mniied -d'-sorl P/l . 


Cu 

0 


coMi’osrnoN. 

91-70 
8-00 


79-8,5 

20-15 


f 1^/,., 100-00 

ir ' rr ', >>-'' ni -^ h - i , iaek . m - 

ib ■••tnoist sfam li ed " {.'"T "'’!’'' this pre- 

die prop(3|.fy 1 d . ■ tlic air, it acijuin's a greenish tint 

tlio sul,,hi,ic sr'be waZn^h I'fing formed. 

«id|, hide of Conner di of " '’"'"ammg snlphnrclted 

'“'"ftion of 8 iljihur llvdr M ’ ‘ "''i'i, tvitli 

'I'itur. ^ Jlynlrocltlortc ac.d dissolves it with diflleulty. 

^ hi soinn • Arch, der Plinrni. 139 
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Tills is the reason wliy sulphurcttod liyilrogen precipitates coi)])er eiiiiii; 
from solutions which contain even a very large amount of iree hydroclilur 
acid (diiUXDMANN*). Only when we dissolve a cop])t‘r sidt straiglit i, 
]>uro hydrochloric acid of 1*1 sp. gr. does any co[)per romain un[)reci])ii;iti. 
(M. MAUTiNf). It does not dissolve in solutions of ])olassa and of siilpliii], 
of potassium, particularly if these solutions be boiling; but it dissolvi 
perceptibly in sulphide of ammonium, and readily in cyanide oi j)otassiiiiii 
Upon intense ignition in a current of hydrogen gas it is conveilcd im, 
jnire Cu,^ S. 

(L If the blue solution which is obtained upon adding to soliilidin 
oxide of copper tartaric acid and then solution ol soda in (;xcess, is mixti 
with solution of grape sugar or sugar of milk, and heat apjilied, ;i] 
orange-yellow precij)ifate of hydrated sulioxide of co])])er is tbrmed, •\vlilrl 
contains the whole of the copper originally jiresent in the solution, and alti 
a short time, more |)articularly ujion tlui a])])lication of a somewhat siniii; 
heat, turns red, owing to the conversion of tlu' hydrate into anliydroii 
Fid^oxide (Cu^ O). The ])recij)itate, which is insoluble in water, retains: 
])ortion of alkali with consich'rable tenacity. When .acted u])on witli dilni 
sulphuric acid, it gives sulphate of copper, which dissolves, and indalli 
co])per, which sejwirates. 

e. Si(bsi(lpliorti(()U(/e of copper (Cu,,, Cy S^), which is always loniiii 
when sul[)hoeyanide of potassium is added to a solution of oxide of cnpi'cr 
mixed with sulphurous t>r hypojdiosjdiorons acid, is a white ])re(‘i|iltati 
insolul)le in water, as well jis in dilute hydrochloric or suljihuric acid 
Dried at 115"’, the wdt retains still from 1 to 3 ])er cent, of water, wliicl 
is driven olfonly by heating to inci])ient (h'comjtosition ; subsuljdiocyaiildi 
of copper is, therefore, not well ada]»ted for direct weighing. When i,L:iiitn 
in conjunction with sulphur, with exclusion of Jiir, it changes to ( n., ' 
(Uivot|). When heated with hydrochloric acid and clilorate of jHitassi 
or with sulphuric .acid .and nitric acid, it is dissolva-d and suffers (itcdiii 
position. S(dutions of potassji and sod.a se])ai‘.‘it(! hydr.ated suhoxidc 
•cojjper, with formation of sidphocy.’inide of tlu,‘ alkali metal. 

/’. Siihsii/pJiidc of copper^ ]»roduced by he.ating (,'u S in a curunt c 
hydrogen gas, or Cu^, (y S^, with sul|)hur, isagrayish-ltlack mass, whitli laa; 
be ignited and fused, without suffering decomjiosition, if the air is excliKkl 

COMPOSITION. 

Cu^ (;;mo 70*85 

S KbOO 20*15 

70*40 100*00 

§ 

f). Teroxidk ok Bismuth. 

Bismuth is weighed in the form of TUiioxiDK or ;is chkomati: (hi* 
2 Cr ()j,). Besi<h.*s these compounds, we have to study here the 
CARIJONATE, tllC BASIC NITRATE, ainl the TEBSUEPII IDE. 

a. Tenauk <f hismutlij prej)arcd by igniting the carbonate or nitnit' 
is a pal(! lemon-yellow powder which, under the influence of heat, assuni' 
transiently a d.ark yellow or reddish-brown color. When heatc<l to 
redness, it fuses, without .alteration of weight. Ignition with charcoa , ^ 

* Journ. f. prakt. Chera. 73, 241. f Ibid. 07, 373- 

^ Ibid. 62, 252. 
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in a ciiiTcnt of carhoiiic oxido gas, mliioos it to tlie motalllc state. Fusion 
with cyanide of potassium also effects its comple-tc reduction to tlie metallic 
state (ir. FosRj|). It is insoluble in water, and does not affect vegetal>!e 
^colors. Tt dissolves readily in those acids which form sohil)h; salts will, 
|it. When ignited with chloride of ammonium it gives metallic bismuth, 
the reduction being attended with detlagration. 

COMPOSITION. 


lOOOOO 

h. Carbonate of bism uth. — adding carbonate of ammonia in exc( ss 

to a solution of bismuth, free trom hydrochloric acid, a white precipitate 
of carbonate of bismuth (Bi O3, C Cf) is immediatidy formc<l ; part of tliis 
precipitate, however, redissolves in the excess of the preci},ltant. But it 
tlie fluid with the preci))itate be lieatinl before filtration, the filtrate will b.* 
iroe from bismuth (Carbonate of potass;, likewise preciiiitates solutions ot 
hisimith completely ; but the preci|)itate in this case invariably contains 
traces of potassa, which it is very difficult to remove liy washin‘>- Carbo- 
irate ofscxlii procipilatds solutions ol’ l.isiiinlli loss coiniilotely tliaittlic carl «>- 
■rates oi a.amoaia an.l potassa.) Tl.o pnripitato ol.taincl by aicans ol 
carhojiatc o< aMimoiiia, is easily waslicd ; it is ycry nearly insolulilc in 
Wct, l.ut dissolves readily, with circrvcsconco, in hydrochloric acid and 
hLimiir*^ ' ignition it loses its carbonic acid, leaving teroxide of 

c. The Artsic m'trale iif ln'smiifli, which is ohtainc'd by mixiiv' witli 
wter a solution of the nitrate containing little or no free acid, presents the 
aWicarance of .-i white, crystalline i>owdcr. It cannot he wa.dicd with imre 
,,1 ■ "'f sidloring a decided alteration. Jt Ix'OOincs more l.asic, 

ite bio wa-shings show an acid reaction, and contain l.ismuth. If the 
.iMC .sa t, lowever, he washed with cold water containing . ' „ of nitrate 
• iimonia, no Insniiith passes through tlie filter. The solution of nitrate 
of "i’r ’"b"""’"’- 'rhe.se remarks only ajiply in the absence 

‘lie pure'tcro.xbh passes into 

Wcton!;r"‘f % 2 0 OJ, which is proilwed hy adding 

Hsniutl '' 

in AviU.r readily-subsiding prccijiitatc, in.'^olublc 

clilorio -u.m I'foscncoof some free cbromic acid, but solulile in hvdro- 

suflcrinV 1 M'hhout 

ending decoiiiirosition (Lbvvi 4 ). 

COMPOSITION. 

1^103 .... 2 d 2 00 CO -78 

^ Cr 0 ... 100-48 80-22 


prepared in the wot way, is a broAvnish black, 
^ precipitate, insoluble in water, dilute acids, alkalies, alkaline sul- 

■‘''um. f. prjij Chen,, ^ jj . I 


t Ibid. 74, 341. 
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])lutles, sulpliito of soda., and cyanide of potassium. In moderately coiicon- 
t rated nitric acid it dissolves, especially on warming, to nitrate, with scjiara. 
tion of snlpliur. Hence in j)recipitating bismuth from a nit|[iL! acid solutidu, 
care should be tiikon to dilute sutHciently. Ilydroehloric acid imjiedes ih 
])recipitaUon of bismuth by suljdiurctted hydrogen only when a very laivij 
excess is present, and the Iluid is (piite concentrated. The sulj)hi(ie ddrs 
not ehango in the air. Dried at 100‘h it continually takers up oxygen ain! 
increases slightly in weight; if the drying is protracted this inercasi! mav 
be considerable (Ex])t. No. 5<S). Fused with cyanide of potassiimi, it L 
com])letely reduced (If. Kose). Reduction Uikes place more slowly bv 
ignition in a current of hydrogen. 

COMrOSITIO>J. 


?>i 208 81-25 

8, 48 18-75 


25(; lOO-OO 

§ 87. 

7. Oxide of Cadmium. 

Cadmium Is weighed either as oxide or as sulimiide. Besides these .sul - 
stances, we have to exarniue cauijonate of cadmium. 

d. o/’em/mb////, produced by igniting tbe carbonate or nitrate ('I 

cadmium, is a powder, the color of whi(‘h varies from yidlowdsh brown to 
reddish brown. Tlie jipjdication of a wliiD; heat liiils to fuse, volatill/d. or 
(leconif)0S(‘ it; it is iusoIul»Ie in w.-itcr, ]»ut dissolves n'adily in acids; it 
docs not alte-r veg(‘table colors. Ignition with charcoal, or in a eurrciiii i 
livdrogen, earlMjiiic oxide, or carburetted liydrogen, reduces it rea<lily, toe 
nietallic cadmium escaping in the form of vapor. 


coMi*osrnoN. 

('d 5(;-0() 87-50 

O 8-00 12-50 


(il-OO l()()-00 

h. Cdrhonatp of cadmium is a white precipitate', insoluble in water aiil 
in the fixed alkaline carbonates, and extremely sparingly solubh' ia 
bonate of ammonia. It loses its water comjiletely upon ileslccatit>n. b,**'' 
tion converts it into oxide. 

€. Sidjdtide of cadmium^ produced in the wet way, is a leiiioii-ycH'^" 
to orange-yellow precipitate, insoluble in water, dilute acids, alkalies, 
line Huljdiides, sulphite of soda, and cyanide of ])otassiuni (Fxpt. No. -'h' 
It dissolves readily in concentrated hydrochlorii! acid, with evoliitieii d 
sulphuretted liydrogen. In precipitating, therefore, with sul|)liiir^i^^‘' 
liydrogen, a (mdmium solution shoulil not contain too much hyilrocld'^'"^ 
acid, and should be sufliciently diluted. The sulphide dissolves in I'l'’'* 
rately concentrated nitric acid, with sejiaration of sulphur. U laav 
washed, and dried at 100® or 105®, Avithout undergoing decomp<^^‘^'-^' 
Even on gently igniting the sulphide of cailmium in a current of hy<!n'g"- 
it vobitilizes in appreciable amount (II. Rose*), partially unchanged, l 
tially as metallic vajior. 


I’ogg. Aniial. 110, 131. 
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COMPOSITION. 

Cd r)(v()0 77-78 

08 IG-OO 22-22 


72-00 100-00 


METALLIC OXIDES OF THE SIXTH GUOLT. 

§ 88 . 

1. Tehoxide of Gold. 

Gold Is Jilways wciglied in tlic nietallic state. Besides metallic gold, 
have to consider tlie tehsulphide. 

a, MtldHic yold, obtained l)y jirecipitation, prescaits the appearance ol' 
a blackisli-brown powder, destitute of metallic lustre, which it assumes, 
liowover, upon j)ressuro or friction ; when coherent in a compact nuess, it 
exhibits the well-known bright yellow color ])eculiar to it. It fuses only 
at a white heat, and resists, accordingly, all .attempts at fusion over a spirit- 
hiiii[). It remains wholly unaltered in the .air and .at a red heat, and is not 
ill the slightest degree alfected by water, nor by .any simple acid. Nitro- 
liydrochloric acid dissolves it to terchloride. 

b. Teraitl jthide of <jol(l . — When sidjdiuretted hydrogen is transmitted 
through a cold dilute solution of t(M-chlorido of gold, the whole of the 
gold sejianites .as tersul]»hide (An S^), in form of a brownish-black ])re~ 
cipitale. If this precipitate is left in the tluid, it is gradually transformed 
into inctallic gold and free sulphuric acid. U]>on transmitting sulphuretted 
liydrogen through a warm solution of terchloride of gold, a jirotosulphide 
(.'Vii S) precipitates, with simultaneous formation of sulpihuric and hydro- 
chloric acids. 

(2 Au 01, + 3118 + 3 11 O : 2 Au S + 0 11 Cl + 8 ( h,.) 

The tersuljdiide is insoluble in water, hydrochloric acid, and nitric 
!icid, but dissolves in nitrohydrochloric. .-icid. The colorless .sulphide of 
itiiiiiioiiiuiii tails to dissolve it; but it dissolves almost entirely in the 
}ellow sidphidc of .ammonium, and completxdy upon addition of ])otassa. 
It dissolva's in pot'issa, with sej)ar.ation of gold. Yellow sul})hide of jKitas- 
dissolves it coni[)letely. Bx]u).sure to a moderate heat reduces it To 
^li^ luehdlic state. 

§ 89. 

2. Binoxide of Platinum. 

1 latinum is invariably weighed in the METALLIC state; it is generally 
prcvipipitexl as iuchloiude of platinum and uhluiude of AM.MONii^t, 

lUCHLOUlDE OF PL.\TINUM AND CHLOKIDK OF POTASSIUM, Taroly as 
OF PLATINUM. 

a. Metallic, platiniaiiy produced l)y igniting the bichloride ot platinum 
chloride of ammonium, or the bichloride of platinum and chloride 

y lustreles.s, porous mass 
be cirected only at the 
unaltered in the air, and 
intense heat of our furnaces fails to allect it. It is not 
water, or simple acid.s, and scarcely by a(|ueous solutions of 
® alkalies. Nitrohydrochloric acid dissolves it to bichloride. 


l<^>iassium, presents the appearance of a gr.-i 
1-Pongy 

platinum). The fusion of platinum ca 
highest degrees of heat. It remains wliolh 
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[§ 90 . 


h. \iVO\)Qx\A(i^ hkhlorUJe of platinvvi and cJdoride of potassiiiin^ 
and those of bichloride of platinum <ind chloride of a'lnnionium^ liiivc l)w;ii 
given already in §§ 08 and 70 res})ectively. ^ 

/•. Bis\ilplnde of jdatiniim . — When a concentrated solut^ of Idchloride 
of platinum is mixed Avdth suljlinretted hydrogen water, or when snl- 
j)huretted hydrogen gas is transmitted through a rather dilute solution of 
the bichloride, no precipitate forms at first; after standing some time, 
htiwever, the solution turns lirown, and finally a ])recij»itate sulisides. lint 
if the mixture of solution of bichloride of platinum with suljdnin tio] 
liydrogen in excess, is gradually heated (iinally to ebullition), the wlioleof 
th(' platinum si'parates as bisuljlude (free from any admixture of biclilu- 
ride). The bisulj»hide of ])latinum is insoluble in water and in siiiiplo 
acids; but it dissolvi's in nitroliydrochloric acid. Jt dissolves ]):ulj\ in 
caustic; alkalies, with separation of jilatinum, and conijiletely in alkiilinc 
siiljiliidcs. When sulphuretted hydrogen is transmitted through Avater 
liolding minutely divided bisidphicle of platinum in susjiension, the hisul- 
])hide, absorbing sulphiiretted hydrogen, acapiires a light grayisli-hniwii 
color; the sidphurettod liydrogen thus absorbed, sejiarates again uikjii 
I'X posure to the air. When moist bisulphide; of jilatiniim is e.xposed to 
the air, it is gradually decom[)Osed, being convertc'd into nu.-tallic; j)latiiiiiiii 
and sul|)huric acid. Ignition in the air reduces bisulphide of platinum to 
the metallic state. 

§ yo. 

3. Tkkoxidi: ok Anti.mony. 

Antimony is weighed as TKKSui.i’iiiDE, as antlmonious acid, or more 
larely in the mktai.i.ic .steite. 

a. rjton transmitting suijihuretted hydrogen througli a solution of tor- 
chloride of antimony mixed with tartaric, acid, an orange-red ])rL’ci|ii!;iie 
of o/iiorphonr fcrsnlphidc is obteiined, mixed at first with a small porliuii 
of basic terchloride of antimony. However, if tlu; fluid is thuininjlily 
satui'ated with sul])hurett(;d hydrogen, and a gentle heat applied, llio 
ti-rchloride iiiix(;d with the; j)recipitate is decompo.sed, and the pure teiviil- 
]>hid(; of antimony obtained, Tersnlphidc; of antimony is iiisoluhle m 
water and dilute acids; it <lissolves in concenti’ated hydrochloric acid, uitf 
evolution of sulphuretted hydrogen. Jn precipitating with sul])liui'eitel 
liydrogen, thendbre, antimony .solutions .should not contain too m'K'li 
fr(;e hydrochloric acid, and .should be sulliciently diluted, d'he aiiiei' 
jdious tersul[)hide di.s,solves readily in jiota.ssa, sidjdiide of amnioiiiiuif 
and sulphide of j>ot;i.ssiiim, sparingly in ammoida, very slightly 
carbonate of ammonia, and not at all in bisulphite of ])otassa. Tfo 
amorphous sulphide, driecl in the desiccator at the ordinary tem]’^' 
latnre, loses very little weight at 1()(T; if kejit longcT at this 
temjierature its weight remains con.stant. Jbit it still retains a littK; Avato”) 
which does not jierli'ctly escape even at 11)0^ but at 2(Hf^ the siilplmk 
becomes anhydrou.s, turning black and crystidline (II. Kosi:* and b'^l’^' 
No. (10.) Ignited gently in a .stream of carbonic acid, the weight ot tlu^ 
anliydrouB 8ul])liide remains constant; in a very intense heat a small aniouid 
volatilizes. The amorphous sulphide, if long expo.sed to the action d 
air, in presence of water, slowly takes uji o.xygeii, so that on trcatna’i'^ 
with tartaric acid it yields a filtrate containing teroxide. 

* Journ. f. prakt. Chom. 331. 
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Tlie sulpliiclcs coiTGsponding to the antiinonioiis and aniinionic acids 
^rc equally insoluble in water, also in water containing sulphuretted 
[lydrogoii. pure pcntasuljdiide dissolves completely in aininonia, 

gspecially on AWrming ; traces only dissolve in carbonate of ammonia. 
On heating the dried peiitasulpliide in a current of carbonic acid 2 cq. 
BTilphur escape, black crystalline tersulpliide reinaining. 

On treating the ter- or penta-sulphide with fuming nitric acid violent 
oxidation sets in. We obtain first antimonic acid and pulverulent se])arate(l 

t ulphur; on evaporating to dryness antimonic acid and sulphuric acid; and 
istly on igniting antimonious acid. The same (antimonious acid) is 
bbtained by igniting the sul])hide with 30 to 50 times its amount of oxide 
pf iiienniry (liuNSKN*). Ignition in a current of hydrogen converts the 
Sulphides of antimony into the metallic state. 

COMPOSITION. 

Sb .... 122()0 71-77 

8, .... 48-00 28-23 

170-00 100-00 

1). Antiinonions acid is a white powder, which, when lieated, acquires 
transiently a yellow tint; it is infusible; it is fixed, provi<led reducing 
gases he excluded. It is almost insoluble in water, and dissolves in hydro- 
chloric acid with very great dilHculty. It undergoes no altenition on 
treatment with sulphide of ammonium. It manifests an acid reaction 
when placed upon moist litmus paper. 


COMrO.SlTloN. 

Sb 122-0 70-22 

0^ 32-0 20-78 


151-0 100-00 

; c. Metidllc antinwnif^ ju-oducod in the wet way, by precipitation, presents 
the ai)pearauce of a lustreless black p()wder. It maybe dried at 100^ 
■ without siiHering any alteration. It fu.ses at a moderate red heat. I q)On 
|tgniti()u ill a current ol' ga.s, c.(j. liydrogcn, it volatilizes, without formation 
'■^1 antinioiietted hydrogen. 1 lydrochloric acid has very little action on it, 
even when concentrated and upon ebullition. Nitric acid converts it into 
hToxide of antimony, mixed with more or less antimonious acid, according 
lo the concentration of the nitric acid. 


§ 91 . 

4. Protoxide of Tin; and 5. Binoxide of Tin. 

Till is generally weighed in the form of iunoxide; besides tlie binoxide, 
''‘-'iiave to examine imiotosui.piiidk and iu.sui.puide of tin. 

Jhnoxide of tin. — The hydrate of the binoxide b (hydrated mefa- 
^bnnuc ami) is obtained in the form of a white precipitate, by the action 
acid upon metallic tin, or by evaporating a solution of tin with 
l^’tiic acid in excess. This preeijutate is insoluble in water, nitric acid, 
‘^'11 sulphuric acid, and dissolves but sparingly in hydrochloric acid. It 
‘ ciia litmus, even when thoroughly wuislied. But it we precipitate 

* Annal. d. Chem. u. Pharm. 106, 3. 
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solution of bicliloride of tin with an alkali, or with sulphate; of soda, , ] 
nitrate of ammonia, avo obtain the hydrate of the binoxidc n, Avhieh dissolK. 
readily in hydrochloric acid. Upon intense ignition, bjgh hydiaUs aiv 
converted into the aidiydrons binoxide ot tin. Mere laming to rednts,^ 
is not sullicicnt to expel all the Avater (Dumas*). 

Binoxidc oi tin i.s a straw-colored poAvder, which under the inllucncc (if 
heat, transiently assumes a diil’ercnt tint, A’arying from bright yollo^\ to 
brown. It is insolnl)le in water and acids, and docs not alter the color of 
litmus paper. IMixed Avith chloride of ammonium in excess, and igiiiiid, 
it volatilizes comj>letely as bichloride. If binoxide of tin is (used uitli 
cyanide of potassium, all the tin is obtained in I’orm of metallic glodiilrs, 
Avhicli may be conijdetelv, and without the least lossol metal, (i’(M*d ti-oin die 
adhering slag, by extracting witlulilute spirit of Avine and rapidly decaiitiiiL! 
the iluid from the tin globules (If. Rosk|). 

COMroSITION. 

Sn htl 78d;7 

. u; 2i d;i 

75 lOOtiO 

h. IJijdvdU’i} protot^uJjdiide of tin forms a broAvn ])reci])ltate, insoluMf in 
Avater, sul[»hurette«l hy<lrogen Avat(.T, and dilute acids. In ])reci]iit:iliiii' 
tin I'roiii solutions of tlie protoxide by means of sulphuretted hydrogrii, Ino 
liA'droehloric acid must not la; |>res('nt in too large amount, and the soliili"ii 
must be diluted sulliciently. Ammonia fails to dissolve it; but it dissolvts 
])retty readily (as bisu!|)hide) in the yelloAV .sulphide of ammoniiini, 
the y(dloAV sulj)hide of ])otassiuin ; it di.s.solves readily in hot coiu’eiitniiel 
hydrochloric acid. Heated, Avith exclusion of air, it lo.ses its Avalir I't 
hydration, and is converted into anhydrous ])rotosulphide ol‘ tin; 'duii 
c'Xposed to the continued action of a gentle heat, Avitli i’ree access et nir, 
it is (!onverted into .suIphurou.s acid, Avhich escapes, and binoxide ot tun 
AV'hich remains, 

c. Ifjidrdtejl hisn! pJtide of tin form.s a liglit-yelloAV precipitate. 1'' 
Avashing with jmre Avater, it is inclined to yield a turbid iillrate nml w 
stoj) up the por(!S of the lilter; this annoyance is got over by Avashing Avith 
Avater containing chloride of sodium, acetiU; of ammonia, or the like 
( ISunskn). On drying, the precij»itatc assumes a darker tint. It is iiisohil'l^ 
in Avater; it di.ssolve.s Avith dilliculty in ammonia, but readily in ])et:is^i^ 
alkaline sul[)hide.s, and hot concentrated hydrochloric aciil. It is insohihln 
in bisulphite of potas.sa. In precipitating tin from solutions of the hiiioxiO'‘ 
by sulphuretted hydrogen, the solution should not contain too much 
hydrochloric acid, and should be sufficiently diluted. When heated, 
exclusion of air, it lo.ses its water of hydration, and, at the saim' timji 
according to the greater or les.s degree of heat applied, one-half, or a a\1ia» ^ 
equivalent of sulphur, becoming converted citlier into ses(|uisuli»hidc, a'I 
into })rotosulphide of tin ; when heated very slowly, with free acc(‘S> 
air, it is converted into binoxidc of tin, with disengagement of sulphiui^^'^ 
acid. 

* Anna!. <1. Chem. u, Pharm. 105, 104. 
f Journ. f. prakt. Chetn. Gl, 189. 
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G. Arsenious Acid ; ;uk1 7. Arsenic Acid. 

Arsenic is weighed eitlier ;is arseniate of lead, as tersilphide, as 
arseniate of magnesia and ammonia, or as rasic arseniate of sesquioxide 
OF iron; besides tlicso I'oriiis, we have here to exaniine also aiesenio- 

JIOLYBDATE OF AMMONIA. 

a. Arsejiiate of lead, in tlie pure state, is a wliite pow’der, which agghi- 
tiiiates wlieii exposed to a gentle red lieat, at tlie siiinc time transitorily 
’acquiring a yellow tint; it iiises when exposed to a higher degree ol’heat. 
^Vllo^ strongly ignited, it snllers a sliglit diminution of weight, losing a 
small |)ro])ortion ol' arsenic acid, which escapes as arsenious acid and 
oxygon. In analysis wc have never occasion to operate upon the pure 
arseniate ol'lead, but upon a mixture of it with free oxide of lead. 

h. Tersu/p/iide of arsenic forms a j)recipitatc of a rich yellow color ; it 
is insoluble in water,* and also in sulphuretted hydrogen water. 'When 
boileil with water, or left lor several days in conDict with that fluid, it 
iimlergocs a very trifling decomposition: a trace of arsenious acid di.ssolves 
[ill the water, and a minute jirojiortion of .sulphuretted hydrogen is disen- 
I gaged. This does not in the lea.st intiTforc, however, with the washing 
,ol the precipitate. The [irecijntate may be dried at lUD®, without suffering 
dccoin|)()sition ; the whole of the water which it contains is expelled at 
tliat temperature. When exposed to a stronger heat, lersulphide of arsenic 
transitorily jissumes a brownish-red color, 1‘uses, and finally rises in vapor, 
without suffering decomposition. It dissolve's readily in alkalies, alkaline 
carbonates, alkaline sulphides, bisulphite of ])Otassa, and nitrohydrochloric 
!>cid; but it is scarcely soluble in boiling concentrated hydrocliloric acid, 
hod fuming nitric acid converts it into arsenic acid and sulphuric acid. 


COMl’OSITION. 

As 75 GO'08 

S, 48 39-02 


123 100-00 


c. Arseniate of mai/nesia and ammonia forms a white, somewhat trans- 
j’‘‘^^|'h(liuely crystalline preeijiitate, which has the formula 2 .Mg 0, A 

At loo ^ it loses 11 0 (p waiter; the formula of the precipitate dried at 
^'>at temperature is acconlingly 2 Mg O, N 11^ O, As + a.|. Tpen 
jo'Gtioii it loses its w’ater and ammonia, and changes to 2 Mg O, As ()^. 
as the ammoniacal gas exerci.si's a reducing action upon the arsenic 
R , the new compound suffers a loss of weight, which is the more con- 
jR er.i)l (3 the longer the ignition is continued ; it amounts to from 4 — 12 
of^ the arsenic originally present in the salt (11. 1\ose). Arseniate 

tlio^*^ tuniuonia dissolves very sjiaringly in water, one part of 

P'Rtr reipiiring 205(1, one ])artof the anhydrous salt, 2788 

^ of Water ot 15°. It is still more sparingly soluble in ammoniated 


* I[] 

which T had occasion to make, in the course of an analysis of 
of Weilbach (Ohemische Untersuchung der wichtigsten Mineralwasser deg 
hreidel von Dr. Fresenius, V. Schwefelquelle zu Weilbach. Wiesbaden, 

PurtH ^ found that one part of As 8, dissolves in about 1 mil- 
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'water, one part of tlie salt tlricd at 100° requiriii;^ 15038, one part oCtlif' 
anliydrous wilt, 15780 parts of a mixture of one })art of solution (,f 
amniotiia (0-90 sp. gr.), and 3 parts of water at 15°. In water contjiinln^, 
chloride of aininoniinn, it is inncli more readily soluble, one ])art of il^. 
anhydrous sjdt reipiiring 880 parts of a solution of one y)art of ehloi ido ,jf 
aminoniuin in 7 parts of \vater. Presence of ammonia diminislies tlic sol- 
vent capacity of tlic cldoride of ammonium solution : one ]>artof (lie onhv- 
drous wilt requires 301-1 parts of a mixture of OO parts of water, 10 of solu- 
tion of ammonia (0d)() sp. gr.) and one of chloride of ammoninm.* 

COMPOSITION OF THE APSEXIATE OF MAGNESIA AND AMMONIA 


2 IMg 0 

DUIEI) AT 100°. 

.... 40 

21*05 

N 11^ O 

.... 20 

13*08 

As() . 

.... 115 

00*53 

11 0 . 

.... 9 

4*74 


190 

100-00 


(J. Arse.uidte of {^es(ptwxi<le of iron . — The 'white slimy j)r('cij)it;i(e, [uo- 
duced by the action of ordinary arseniate ol’ soda upon solution of siMjiii- 
chloride of iron, has tlie composition 2 Te^j 3 II ( ), 3 As i- II :i(|, 
It dissolves in solution of ammonia, imparting a yellow color to the Iluid, 
H(!si(le3 tins compound, there exist still several otliers, witli larger pro- 
portions of sesquioxide of iron; thus we have Te^ As O^, which liiils 
down + 5 a(|. Uj)Ou the precipitation of arsenic acid with actdale ef sis- 
quioxide of iron (Kotsciiol’Iiev) ; 2 Fe^ 0^^, As wliich is obtained -- 
12 aq., when basic arseniate of protoxide ol‘ iron is oxidized witli nitric 
acid, and ammonia added; — 1(> hhq As 'which l<»rnis -f 21 mp, 
upon boiling the less basic <*ompounds witli selnlii.in of piotassa in cxcr.''; 
(Hkiizklu's). The two latter compounds are nut soluble in aninioiiin; tlic 
last is quite like hydrated sesquioxide of iron. In lii;i;Tiiii;if s nicthedcl 
estimating arsenic acid, we obtain mixtures of tliese dithnent salts. Tin)' 
are tlie better adapted for the jiyrpose, the mori! basic they are; hieing 
more insoluble in ammonia, and at the .same time more easily AV.-idiol 
Upon ignition the Avater alone is expelled, provideil the heat he very 
gradually increased, lint if the salt is smhlenly ex[>osed to a slrcii:! 
heat, before the adhering ammonia has e.scapi'd, part ol' tlie arsenic ai'ih i' 
thereby reduced to ar.senious ;icid (II. Kosk). 

a. Arscino-molijbdata, of unmudud . — if a Iluid conbaining ar.scnic ‘'ici'i 
is mixed with a large propiortion ol’ molybdate of ammonia, and sniricioiit- 
nitric or hydrochloric acid to redi.ssolve the jireihjjitatc of molybdic. aci^l 
which Ibrms at fir.st, and the Iluid heated to boiling, a yellow precipitated 
arsenio-molybdate of ammonia scjiaratc's — proviiled the niolybdic acid 
pre.sent in exce,s.s. T'liis precipitate comports itself with .solvents like tlio 
analogous compiound of jdiosphoric acid; it is, like the latter, iii.st)lnhlc m 
Avater, wilts, and free acid.s, jiarticularly nitric acid, provided an excess d 
solution of molybdate of ammonia, mixed Avith acid in moderate excess, k*! 
pre.sent. Seliu.sohn f found it to bo comjio.sed of 87'r)()() per cent- 
molybdic acid, (j'3U8 ar.scnic acid, 4’258 ammonia, and 1-708 water. 

t Jourii. f. pnikt. Cheiii. 07, “ISh 


Zuitsebrift f. anal. Chem. 3, 200. 
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Forms in which the acids are weighed or piieciritated. 

ACIDS OF THE FIRST GROUP. 

§ 93. 

1. Arsenious Acid and Arsenic Acid. — See § 92. 

2. Chromic Acid. 

Chromic acid is wciglicd either in tlie form of sitSQUi oxide, or in tliat of 

:iIK()MATE OF LEAD. 

a. Sasquioxide of cJiromitrm . — Sec § 7<>. 

1). Chromate of lead obtained by precipitation forms a bright yellow 
precipitate, insoluble in M'ater and in acetic acid, barely soluble in dilute 
nitric acid, readily in solution of jmtassii. When chromate of lead is 
boiled with concentrated liydrochloric acid, it is readily decomposed, 
of lead and sescpiichloride of chromium being formed. Addition 
Df/ilcoliol tends to })romoto this decomposition. Cliromate of lead is 
unalterable in the air; it dries thoroughly at 100®. Under tlie influence 
uf heat it transitorily acrpiires a reddisli-brown tint; it fuses at a red 
beat; M’hen heated beyond its point of fusion, it loses oxygen, and is 
transformed into a mixture of sesquioxide of chromium and basic chro- 
mate of lead. Heated in contact M'ith organic subsUmces, it readily yields 
oxygen to the lattc.T. 

COMPOSITION. 

PbO . . . . lll-bO 68-94 

Or 0, .... 50-24 31 06 

161-74 lOO-OO 

3, SuLPiiuiiic Acid. 

Siilidinric acid is determined best in the form of sulphate of p.aryta, 
fur the properties of whicli see § 71. 

4. Phosphoric Acid. 

fhe prineijial forms into which phosphoric acid is converted are as 
follows: — PHOSPHATE OF LEAD, PYROPHOSPHATE OF MAGNESIA, RASIC PHOS- 
PllAl'E OF MAGNESIA (3 .Mg (), ? Oj, RASIC PHO.SPHATE OF .SESOUIOXIDE OF 
^''"V’llOSIMlATE OF SESqillOXIDE OF URAN I UM, PHOSPHATE OF RINOXIDE OF TIN, 
I’liospHATE OF .SILVER. Besides these compounds, we liave to examine 
f’ilU.Sl’JlATE OF SUROXIDE OF MERCURY, and PIIOSPIIO-MOLYRDATE OF AMMONIA. 

rii (3 phosphate of lead oht.-iinod in tlie course of analysis is rarely^ 
I’Ete j)iu-e, but is generally mixed with free oxide of load. In this mix- 
jiiu We have accordingly the basic plio.sphate of lead (3 Ph O, P OJ; in 
presents the ajijiearancc of a white potvder ; it is in- 
re r'l^' 1*^ M'atcr and in acetic acid, and equally .so iii ammonia; it dissolves 
J-Fiyiii nitric acid. When exposed to the action of heat, it fuses, 

yoiit undergoing decomposition. 

(. . of matfuesia . — Sec § 74. 

phosphate of nuKjnesta (3 Mg (), P 0^). — Thi.s compound is pro- 
Df mixing a solution of an alkaline phosphate, containing chloride 
Hiagnesia, evaporating the mixture, lieating the residue 
[ ^0 chloride of ammoiiiiim is coiiqiletely expelled, and tinally treating 
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^vitll water ; the compouiul so ])roducC(l contains an excess of magnesia 
It is suHicient for our purpose to state that it is nearly absolutely iiisulublt 
in water and in solutions of s:dts of the alkalies (Fu. Sciiulzk*). 

(L Basic phosphate of scs<ptioxi<l(‘ of iron. 

If a solution of phosphoric acid or ot phosphate of lime in acetic acid 
is carefully precipitated with a solution of Jicetate ol sosfpiioxide ol irun, 
or with a mixture of iron-alum and acetate ot soda, so that the iron s;ik 
may just predomiiiato, the jweci pittite always contains 1 e(p PO^to I (i|, 
Fe„ Oj, (Kawsky, Wittstkin, E. JlAVvf); if, on the other hand, the actatc 
of iron is in lariger excess, the precipitaU; contains more l)ase. \\ it i suin’ 
oljtaiiK'd, by using considerable excess ot acetate ot iron, a precipitate ol 
the formula 4 Fe^^ O^, .4 P O^. Precipitates, obtained Avith a small c.xcos< 
of the preci])itant, possess a composition varying between the abo \ oiik n- 
tioried limits. pAMMKLsimiai obtained Fe^ O^, P ^\{ + 1 iiq )? WnTsnaN 
subsecpiently, the s;ime compound (with a<p instead ot 1), u[)on niixiii;: 
sulphate of sesipiioxide of iron with phosphate ol soda in excess; with an 
imsutlicient (piantity of the ])hosphat(! ol'soda, the latter chemist obtained;! 
more yellotvish precipitate, whic’h had the ll»rmula 

‘KiW + + •nio). 

If an acid tluid containing a consah rahla excess ot phosplioric acid i:? 
mixed with a small (piantity of solution of ses<juioxidc ot iron, and an 
alkaline acetate add(;d, a pnccipitate of the formula, Fe.^O^, PO^ + Yait.r, 
is invariahly olRained, which, accordingly, leaves upon ignition Fe.^O^, I’ lf 
( W'ittsi’KIN). Fresh experiments that 1 have made U])on this sulijot 
liave j)Ositively convinced me of the perfect correctness oi this stak iiioit 
of Whtstkin's.J 

COMPOSITIOX. 

PO^ . . . . 71 Al'O'l 

Fe^o^ .... m rri-'js 

lol IbU’OO 

If Avc dissolve pho.sphatc of soscpiio.xidc of iron in hydrochloric ntal 
snpersiituratc the solution with ammonia, and ap]>ly hi'at, w(; obtain 
basic s;ilts, viz., d Fc;,,!),, 2 P ( )^ (IvAMMKLSimia;) ; 2 F(; 2 < P t (^' • 
—after long wa.shing). In AVitt.stkin’s ex])eriment, the wash-wakr o ‘c 
tiiined idiosphoric acid. The white jhosphate of ses([uioxide ol iron on 
iKjt di.s.snlve in acetic acid, but it dissolves in a solution ot acetate ol k 
(juioxide of iron. j- 

Upon boiling tlic latter solution (of jhosphato of scs(inioxi(li! ^ 
iron in ac(;tjite of ses(piioxido of iron), the whole ol the ])nos]'lic 
acid precipiuit(.:.s, tog(Jtli(;r with the l»asic acetate of s(!S(piioxide ol "cn. •’ 
hf/pr,rh((.sic phosphate of ses(piioxi(le of iron (lb Fe^t >jj, F Oj — 

►Similar extremely basic combinations are invariably obtained (orieii 
Avith free liydrated sescpiioxide of iron), ui)on precipitating Avith 
or carbonaU; of baryU a solution containing phosphoric, acid 
of ses(iuioxide of inm. The jirocipitate obtained by carbonate ot h^‘0 " 

* Journ. f. prakt. Chom. 63, 440. 

+ Phil, Mag., xix. p. 181. Journ. f. prakt. Clieiii. 80, 380. , 

X In an experiment made at a former period by Will and myself (Anna . 
u. Pharm. 60, 370), we obtained in thia way a |>recipitato of the .,rtcii'i' 

3 POj + 3 II 0 + 10 aq. ; but I have never ainco bucceeded in producing 
tate oi the same compoaitiun. 
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can be conveniently filtered of? and wa.sliod, tlie filtrate is perfectly free 
from either iron or pliosplioric acml; on the contrary, the prccii)itate ob- 
tained by mninonia, especially if the latter were much in exce.^^s, is slimy, 
and therefore dilficult to wa.sli, and the filtrate always contiiins small traces 
of both iron and phosphoric acid. 

e. Phosphate, of sesfpn’oxide of uranhun. — If the hot acpieons solution 
of a phos|)hatc soluble in water or acetic a(;id is mixed, in prc.scncc; of iree 
acetic acid, with acetate of sesqiiioxide of uranium, a precipitite of ])hr»s- 
pliate of sesquioxide of uranium is immediately formed. If the Iluid 
contains much ammoniacal s,alt, the pre(d[)itite contiins also ammonia. 
The same precipitate forms also if alninitia or sesquioxide of iron is jtre- 
sent' but in that case it is always mixed with more or less pliosjdiatci of 
pesqiiioxido of iron or phf)sphate of alumina. Presence of ])ota.'^sii- or soda- 
6.‘ilts, on the contrary, or of salts of the alkaline earths, has no influence on 
qlie com])osition of the precipitite. 

Phos])hate of sesquioxide; of uranium and ammonia, 2 Ur^ X 11^ I ), 
.^11 0) ian somewhat gelatinous, wliitish-yellow precipitate, with a 
tin^'c of green. The best way of washing it, at least so far as tlie principal 
part of the operation is coricerm‘d, is by boiling with water and decanting. 
If, after having allowed the fluid in which the ))rccij)itite is suspended to 
cool a little, a few drops of chloroform are added, and thendxture is.'^haken 
or l)oilcd up, the precipitite subsides much more re^idily than without this 
addition. 

The preci|)itate is insoluble in watxT and in acetic acid; Imt it dis.solves 
in mineral acids; acetite of ammonia, added in sullicient exces.s, com])lotely 
re-precipitates it from tliis solution, rq)on a])plication of heat. If pen 
igniting the precipitate, no matter whether contiining ammonia or not, 
pho.sphate of se.sipiioxide of uranium of the formula 2 Pr., 0.^, P is 
produced. This has the color ol' th«‘ yolk of an egg. If the ])rGci])itito 
is ignited in prc.sence of cliar<a>al or of some reducing gas, partiid rediic- 
;tion to })hos[)hat(; of ju’otoxiih; of uranium ensues, owing to whi(di tin; 
Ignited ina.ss aiapiires a greeni.'^h tint; however, tq)on wanning thogreeuisli 
residue with .some nitric acid, the green salt of the protoxide is readily re- 
converted into the yellow .sidt ol’ tin; se.s«piioxidc. Pho.sphate of .sestpu- 
c>;ide of uranium is not hvgro.sco])ic, and may therefore 1 h; ignited and 
Weighed in an open platiniiin di.sh (A. AiiKN’DT and W. Knoi’*). 

COMPOSITION. 

2 .... 2^0 I ) 80 09 

POj 710 H)-9l 


ihlfi-G 10000 

The one-fifih part of the precipitate may accordingly be calculated as 
ptospliQi-j^ acid in ordinary analyses.'!' 

Phosphate of buioxide of tin mixer obtainbd in the pure state in 
analytical process, but contains always an jidmixture of hydrated 

. _ * Chemi.sclics Oentralblatt, 1850, 760, 803; and 1857, 177. 

11 equivalent of uranium is here taken a.s 50‘4, aeeonling to Kbelmcn. If wo 
to P»<ligot, as 60, the ignited phosph.ato wouKl contiin SO‘22 Pr^Oj, 
20^0fi ^ ph<>8plioric acid. W. Knop and .Vrendt foutnl in four cxpeiimenta 20 13, 
and 20*V4 respectively (in another 20'77). It will bo seen that these 
better with tho composition as reckoned from Ebelmen’s than from 
equivalent. 
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rnetastannic acid in excess, wliicli, upon ignition, changes to niciastnrini 
acid. It has, gcnci'ally speahing, the same ])ro])crtieH as livdr.ated 
stannic acid, and is more particularly, like the latter, insolnl)le in nitij, 
acid. Upon heating with concentrated solution of ])Otassa, ]>ho.spliato atiil 
metastannate of potassa are formed. 

g, Tribasic phosphate of silver is a yellow powder ; it is insoluble jij 
water, but rendily soluble in nitric acid, and also in ammonia. In annuo, 
niacal salts, it is diflicnltly soluble. It is unalterable in the air. rpo., 
ignition, it accpiires transiently a. reddish brown color ; at an intense nJ 
heat, it fuses without decomposition. 


COMPOSITfON. 

8AgO . . . . 8171)1 88 05 

IMJ^ 71*(){) 1005 

418-01 lOO-OO 

h. Phosphate of siihoxide of inerrorp. — This compound is cinplnvod 
for the purpose of eirecting the se[>aration ol' phosphoric acid I’roiii many 
l)ases, after II. Kosk’s method. 

Phosphate of suboxido of mercury presents the a|){)carancc of a wliiio 
crystilline mass, or of a wliite jaowder. It is in.solubh^ in Av.-itcr, Init dis- 
solves in nitric acid. The action of a nul heat converts it into iused plios- 
jthate of oxide of mercury, with evolution of v;ipor of mercury. I'idii 
fusion Avith alkaline car])on;itcs, alkaline pliosphates arc produced, and 
mercury, oxygen, and carbonic acid e.scape. 

i. J hospho-moli/hdate (f -This compound also scrv(‘< t" 

effact the separation of phosphoric acid from other bodies; it isol’iln' 
Utmost importance in tliis rcsp(‘Ct, 

Pliospho-molybd.'ite of ammonia forms a bright ycdloAV, rc'adily siibsidinL' 
precipitate. l)ri<‘d at 100°, it luis, acconling to Sia.ujsoiiN the rolliAviiy 


(average) composition : — 

Molybdic acid .... 00-714 
Phosphoric acid .... 8-1-12 

Oxide of ammonium . . . 8 570 

Water 2-514 


loo-ooo* 

In the pure state, it dissolves but sparingly in cold Avater (1 in lOOOO- 
Eo(JKiiTy.); but it is soluble in liot Avater. It is readily soluble, even 
the cold, in caustic alkalies, alkaline carbonates and jdiosphates, ( hknul^' 
of ammonium, and oxalate of ammonia. It di.ssolves only sparingly 
sulphate of ammonia, nitrate of potas.sa, and chloride of potassium; 
very si)aringly in nitrate ol* ammonia: 

It is soluble in suljdiate of potassa and suljdiate of soda, chlm’it!*' 
sodium and chloride of magnesium, and sulphuric, hydrochloric, and 
acids (both conccntr;it(;d and dilute). Water, contiining 1 per cent, d 

* From the varying results of different .’tmalystH it is plain that the prccii'it-dv, 
pared under ap|)arently the same circuiiiHtancea, has not always exactly the sain'’ ‘I'l 
jx)Hltion. Sonnenschein (.Journ. f. prakt. ('hem. Cd, 342) found in the 
dried at 120“, 2-93— 3-12 J PO, ; Lipowitz (Pogg. Annal. 109, 136). in the precip'. 
dried .at from 20 to 30°, 3-007 S Eggertz (Journ. f. prakt. Chem. 77, 

to 3-8. 
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common nitric acid dissolves 5 (llc.c.F.iiT/.). Application of licat does 
' t cliGck the solvent action of tliese snhstJinces. Presence of rnolybd.'ito 
of aiunionia totally changes its deportment with acid fluids; in jiresence 
)rtlvit substance, it is almost insoluble in aci<ls, even upon ebullition. The 
ipoliiliori of the jhospho- molybdate of ammonia in acids is proliably attended, 
|jn all cases, with decomposition and with separation of the molybdic acid, 
Uiich cannot take place in the presence of molybdate ofammonia(J. Ci:aw*). 
T irtaric acid and similar organic snb.stances entirely prevent the [irecipitation 
of the phosplio-niolybdato of ammonia (EuuKirrz). In tlie presence of an 
Kodide instead of a yellow jirecipitate, a green precipitate or a green fluid is 
oriiuMl, resulting from the reducing action of the hydriodic acid on the 
[iiolvlxiic! acid (J. W. liiLLf). Other substances which reduce molybdic 
add have of course a similar action. 

5. Bouacic Acid. 

Borofluouide of PoTAS.siu.M is the best form to convert boracic acid 
into for the purpose of the direct estimation ol‘ tlie acid. This comjionnd 
is ])roduccd by mi.xing the solution of an alkaline borate (the pota.s.sii sidt 
answers best) With liydrofluorie acid in oxce.ss, in a silver or jilatinum disli, 
and evaporating to drym^ss. Tlie gelatinous iirecijiitato which forms in 
the cold, di.s.solves upon application of heat, and sejiarates from the solution 
fiuhsequcntly, ujion evaporation, in small, liard, transparent crysuds. The 
compound has the formula K Kl, B Fl^. It is soluble in wjitor and also 
ill dilute spirit of wine; but strong alcohol tails to dissolve it ; it is in- 
fiolublo also in concentrated solution of acetate of |)otassa. It may be dried 
at 100^, without suffering decomposition (Auo. .StkomeyekJ). 
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f). Oxalic Acid. 



When oxalic acid is to be directly determined it is usually precipitated 
in the funn of oxalate of lime; and its Avcight is inferred from tlie cak- 
tONATE OF LIME produced from the oxalate by ignition. For the pro- 
perties, iii c., of carbonate of lime and of oxalate of lime, see § 73. 

' 7. IIyduoeluohic Acid. 

The doTc/ estimation of hydrofluoric acid is iLsually eflcctod by Aveighing 
acid in the form of FLcoiiiDE OF CALCIUM. 

J'liiorule of (,’n/c/n;a forms a gelatinous precipitate, which it is found 
^illieult to wash. If digested with ammonia, [u'cvious to filtration, it is 
^eiidered denser and le.ss gelatinous. It is not altogether insolut)le in 
'Liter; aipieous solutions of tlie alkalies fail to decomjHiso it. It is very 
^'kditly soluble in dilute, but more readily in concentrated hydrochloric acid, 
acted upon by sulphuric acid, it is decomposed, and sulphate ot lime 

* Chem. Gaz. 1852, 216. t Billiin. Jouru., July, 1858. 

X Auual. d. Chem. u. Pharm. 100, 82. 
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and hydrofluoric acid arc formed. Fluoride of calcium is unnltoral)],. j,, 
the air, and at a red heat. Exposed to a very intense heat, it fuses. I'jion 
intense ignition in moist air, it is slowly and partially decomposed int,, 
lime and hydrofluoric acid. Mixed with chloride of amnioniuni, anij 
cx])osod to a red heat, fluoride of calcium suflers a continual loss of 
weight ; but the decomposition is incoinj)lete. 


courosiTiox. 

Ca .... 20 51*28 

FI .... 11) 4,S-72 
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8. Caiuionic Ach). 

. Tlio fh'rect estimation of carbonic acid — which, however, is onlv ran lv 
resorted to — is usually effected by weighing the acid in the form ofcAimo. 
NATE OF LIME. For the properties of tlie latter sul)stance, see § 7d. 


0. Silicic Arri) (on Silica). 

By whatever decomposition silicic acid is separated in the wet wav, it is 
always hydrated. The hydrate is generally gelatinous, occasionallv jml- 
vernlent. I he amount of water it contains varies, a<'cordinti to tlie (. iri’iiiii- 
stances under which it was formed; at least this is the only explanation 1 
can give of the g-reat diffenmees in the results obtained by various ch.- 
mists who liave analyzed hydrates of silicic acid dried in tlie .s,'ime wav.* 
hhe gelatinous hydrate of silicic acid is never entirely in.soliifh' in 
water and acids. M Idle however the degrei* of' .soluinlit v is relativi'lv lii.'Ii, 
if the hydrate immediately on separation comes in contact with large iju.iii- 
titios of fluid, it is, on the contrary, low, when, after having been scjianitid 
and wa.shed it is treated with solvents; thns 1 part of silicic acid in the 
hydiatetl condition, obtained by [tassing flnosilieii* gas into watci' aii'l 
washing the j.reciffitate completely, reipiires 77fM) parts of water, I lono j.;irfs 
of cold, and 55(1(1 parts of boiling hydrochloric acid <.f 1-115 sp. gr. (J. 
Fuchs, /oc. nV.) Hydrate of .hlicic. acid dried at forms a loose, whitv 
powdci ; it is insolnble in water and in acids (hvdi*olliK>ric exei-ptrd). fiit 
it dissolves iu^solutions of the fixed alkalies and their carbonates, es|.eria!!v 
in the lieut. i he silicic acid is obtained in the .s-une form, wle-n its si.ln- 
tion in tvater or in hylrochloric mud is evapijrated and the residue dried 
at iDOh 

On ignition all tlie hydrates j>ass into the anhvdrou.s acid. As tlie va]"'r 
escapes small particles of the extremely fine p<»w(hT are lialde to whirl up. 
Thi.s may be avoided by moistening the hydrate in the crucihle vidi 
water, evaporating to drynes.s on a water l.ath, and tlien ii].i)lying at 
slight and then a gradually increa.sed heat. 

fl’he silicic acid olitained by igniting the hydrate appears in tlie ain"!' 
phous condition, with a sp. gr. of 2-2 to 2*;j. It forms a white i-owd'i' 


* Doveri (Anuak de Chim. et do Ifliya. 21 40 


Annal. <1. Cliom. u. Pliarin. (if. 

t'lieiii- 

(i-pii; 

. ^ i.ir i-i 'll'''"' 

81 227) foai..i in tiie l.y, Irate ol,t.ii.e,l l.y <ligo8ting stllbit’e with concelilrakJ I.J.I"' 
chloric acid, and dried at 150”, 4*86 water. 
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insoluble in water, and acids (hydrofluoric excepted), soluble in solutions 
of the fixed alkalies and their carbonates, especially in the lioat. Hydro- 
fluoric acid readily dissolves amorphous silicic acid ; the solution leaves no 
residue on evaporation in platinum, if the silica was pure. The amorphous 
silica, when heated with fluoride of ammonium in a platinum crucible, 
readily volatilizes. The ignited amorphous silica, exposed to the air, 
eagerly absorbs water, which it will not give up at from 100 to 1.50^. 
(H. Rose.) Silica fuses at the strongest lieat. The mass obhiined is 
vitreous and amorphous. 

Amorphous silica ignited with chloride of ammonium, at first loses 
weight, and then, when the ignition lias rendered it denser, the weiglit 
remains constant. 

The amorphous silica must be distinguished from the crystallized or 
crystalline variety, which occurs as rock crystal, (piartz, .siind, Ac. This 
has a sp. gr. of 2'6 (Schaffgotscii), and is far more difficultly, and in far 
less amount, dissolved by potash solutidh or .solution of fixed alkaline car- 
l)onat(is; it is also more slowly atticked liy hydrofluoric acid or fluoride of 
aimnonlum. 

Vegetable colors are not changed either by silicic acid or its hydrates. 

COMPOSITION. 

Si .... 14 00 40-07 

O, .... IG-OO 53-33 


30-00 100-00 

ACIDS OF THE SECOND GKOLT. 

§ 04. 

1. Hyduociilouic Acid. 

Hydrochloric acid is almost invariably weighed in the form of chloride 
OF SILVER — for the propertie.s of whicli, see § 82. 

2. Hydroruomic Acid. 

Hydrobromic acid is always weighed in the form of bromide of .silver. 

Bromide of silver^ j)repareil in tlie humid way, fonn.s a yellowisli-white 
precipitate. It is wliolly iu.soluble in water ami in nitric acid, toieralily 
soluble in ammonia, readily .solulile in liyposulphite of soda and in cyanide 
ol potissium. Concentrated .solutions of the chlorides and liromido.s of 
potassium, sodium, and ammonium di.s8<ilve it to a very perceptible amount, 
^vliile in very dilute solutions of these salts it is entirely insoluble. Traces 
only diasolve in nitrates of the alkalie.s. On digestion with excess of iodide 
^ I'cta.ssinm solution it is comjdctely converted into iodide of silver 
l |tEEn). On ignition in a current of chlorine tlie bromide of silver is 
J’niisformed into the cliloride ; on igniti<m in a current of liydrogen it is 
ooiivortcd into metallic silver. Kxjio.sod to tlie light it gradually turns 
and fln.'illy black. Under the influence of lieat, it fuses to a 
^oulish Ihpiid, which, ujion cooling, solidifies to a yellow liorn-like mass, 
into contact with zinc and water, bromide of silver is decomposed : 

s))ongy mass of metallic silver forms, and the solution contains bromide 

Zinc. 
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COMPOSITION. 

An .... 107-07 57-11 

Kr ... 80-00 i2-r.(; 


187-07 100-00 


.l. IhnitTdnic Ai'iP. 

acid is Iisu.allv dclermiiicd in tin- form of IODIDE OE sn.vi:|. 
and occasionally also in tliat, of i-iarrioDii.E ok i-aleadh-.m 

lodkk nfiilrer, ,,iodu.-c.l in ihc innnid way, lorms a li}.dit-ycllow ,,nr,. ] 
pitatc, iiisohd.lc in water and in dilute nitnc acid, and very 

Lnnionia. One pari dissolves, aceordino to \V aU,.u-e and Lamoa ^ , .1 „ 

parts of aiptcous annnonia s|,. gr. O-.S'.I, according to Mactini in 1" Fjrn 
l,f O-OCsp'gr. It is copiously taken npl.y concentrated solution ol ,o, Wvol 
potassium, but it is insoluble in very dilute; it dissolves readily iii l,v|.s. 
snli.hite of soda and in cyanide of potassiiini ; traces only are dissolve k 
alkaline nitrates. Hot ciiceiil rated nitric and siilpbiiric acids comcvi ii. 
1, lit witb .some dilllciillv, into nitrale and siil|.li.-ite o| si ver rcs|iccm,h, 
with expulsion of the iodine. Iodide of silver ac.|nires a black color uho, 
exposed to tin- light. When heated, it fuses without deconiposilioi, to :i 
rrddisli fluid, \vliicli, iipoii ooolill^^ soliditios to a yellow iiias.s that iii;i\ e 
cut witl. a knlie. Uuder tl.e inlluence of excess of elilenue in ll.e hr;, it e 
<.o,ni.letely converted into chloride of silver ; ignition in hy.lrogen rnlun. 
it to tl.e inetallic state. Wl.cn hrought into contact with /me and wiit.r, 
it is deconiposcil : iodide of zinc is formed, ami metallic silver seiiamio. 


COMPOSITION. 

Atr . . . • dr.'.io 

1 . . . . hl-o:) 


2.‘>l-07 lOO-(M) 

h. .Protiodhlc of palhuh'iim, produced ]>y mixing an alkaline iodidi vitli 
protocliloride of palladium, is a deep hrownisl.-hlaek, lloeculent pre(M]-iMtc 
jiisoluhlo in water, and in dilute liydroid.loric acid, I'Ut sliglitly s" a o nj 
saline solutions (cliloridi; of sodium, cl.loriile ol magnesium, ch eii‘ ( ‘ 
Cidcium, Ac.). It is imalterahle in tlio air. Dried sim].ly in the aiTi 
retains one Cfpiivalent of waters hOo ]»er cent. Dried long m . ei i/i'. ' 
at a rather high temperature (70" to «0"), it yields the whole of this 
witliout the least loss of iodine. Dried at 100 , it his.'s a trace ol | 
at from dOO to 400", the whole of the iodine is expelled. Thv jireril'H-i'^' 
iodide of i.alladium may bo washed with hot water, without loss ol lodm' 


COMPOSITION. 

P(] on-OO 20-44 

I 127-00 70-7)0 


lHO-00 lOO-OO 


4. Hydrocyanic Acid. 

Hydrocyanic acid, if determined gravimctrically and directly, is ah\^.^ 
• Churn. Gaz. 1859, 137. 
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converted into cyanide of silver — for tlie properties of wliidi couipound 
see § H2. 

5. IlYDROsuLniuRic Acii) (or Sulphuretted IIyduooln). 

Tlie forms into which solplmrettcd liydrogen, or the sulphur in metiillic; 
sulphides, is converted lor the pur])osc of being weighed, are teusuli'hidi.: 
OF ARSENIC, SULPHIDE OF SILVER, SULPHIDE OF COPPER, and SULPHATE OF 
baryta. 

For the properties of tin? suljdiides named, see §§ 82, 85, 92 ; for tliose 
of sulphate of baryta, see § 71. ’ 

ACIDS of the third GROUP. 

§ 05 . 

1. Nitp.ic Acid; and 2. Chloric Acid. 

Tliese two acids are never estimated in a direct way — that is to .say, in 
compounds conbiining them, but alway.s in an iudircct way; generally 
voluinctrically. " ^ 



SECTION IV. 


THE DETERMINATION (OR ESTIMATION) OF BODIES. 


§ OG. 

In tlie preceding Section wo liavc examined tlie composition and proiicr- 
ties of the various toi'Fiis and comltinations in which bodies are separated 
li'om others, or in which tliey are weighed. M e have now to eoiisider tlie 
special means and methods ol converting the several boilies into .such 
forms and combinations. 

For tlie siike of greater clearness and simplicity, we shall, in the jircsont 
Section, confine our attention i o the various methods ap[)lied to eflcct tlio 
e.ntinuition of siufjle hodicfi^ delerring to the no.xt Section the consideration 
of the means adopted for tlic estimation of mixed Inidies, or the scpunitioii 
of bodies from one another. 

We have to deal hero exclnsively with bodie.s in the free state, or vitli 
compounds consisting of one base and one «cn/, or ot one metal and oar 
metalloid. 

As in the “ Qualitative Analysis,” the acids of arwmic will be treated ol 
among the base.s on account of their behavior to snlphnr(;tted hyili'cLTH) 
and those elements which form acids with hydrogen will 1)0 considered in 
conjunction with their respective hydrogen acids. 

Ill the ([uantitative analysis of a body we have to study first, the iiKst 
appropriate method of dissolving it; and, sticoiidly, the imules oi dLler- 


mining it. 

With regard to the latter point, we have to turn our attrition, first, to 
the perfonnanee ; and secondly, to the aecnmcp of the methods. 

It happens very rarely in cpiantitative analyses that tlie amount ul 
substance, as determine<l by the analytical process, corresponds exiud} 
with the amount theoretically calculated or actually pres^uit; and li i'' 
does happen, it is merely by chance. 

It is of importance to impure what is tlie reason of this fact, and wh'il 
are the limits of inaccuracy in the stweral methods. 

The cause of this almosl invariably occurring discrepancy Is'tw* on tb' 
quantity present and that actually found, is to be ascribed either exclu- 
sively to the execution y or it lies partly in the method itself. 

The execution of the analytical proceH.ses ami o[)erations can never 


absolutebj accurate, even though the greate.st care and attention 
bestowed on the most trifling miuutia*. To account for this, we need on) 
bear in mind tliat our weights and mca.suros are never abstdiifelil corrri » 
nor our balances ni-so/wfe/// accurate, nor our reagents absolntehi pure; 
moreover, that wo <lo not weigh in vacuo ; and tliat, even if we deihue i 
weight in vacuo from the weight wo a.ctu(dlfj obtain by weighing > | 
air, the very volumes on which the calculation is basiHl are Imt 
rnatcly known; — that the hygroscopic state of the aif is liable tu 
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between the weighing of the empty crucible and of the crucible + the 

substance; that we know the weight of a filter ash only approximatelij 

that wo can never succeed in completely keejnng off dust, 

Vith regard to the methods^ many of them are not entirely free from 
certain unavoidable sources of error ; — procipibites are not (ihsolutel// in- 
soluble- compounds which require ignition are not absoluteli/ fixed; 
others which require drying, have a slight tendency to volatilize; the final 
reaction in volumetric analyses is usually produced only by a small 
excess of the stJindard fluid, which is occasionally liable to vary with the 
dcu’ce of dilution, the temperature, S:c. 

Strictly speaking, no method can l)e pronounced quite free from defect ; 
it should be borne in mind, for example, that even sulphote of hdryta is 
not absoluteh/ insoluble in water. Whenever we describe any method as 
free from sources of error, we mean, that no causes of considerable in- 
accuracy are inherent in it. 

VV'e have, therefore, in our analytical processes, invariably to contend 
against certain sources of inaccuracy which it is inq)Ossible to overconu; 
entirely, (5ven though our operations l)e conducted w’ith the most scru- 
pulous care and wdth the utmost attention to esUiblishcd rules. It will be 
readily understood that several defects and sources of error may, in some 
cases, coiiibine to vitiate the results ; whereas, in other cases, they may 
compensate one another, and thus enaldo us to atUiin a higher degree 
of accuracy. The couiparatire accuracy of the results atUnuable l>y an 
analytical method oscillates between two points — these points are called 
the limits of error. In the case of’ methods free from sources of error, 
those limits will closely approach each other ; thus, for instance, in 
the estimations of chlorine, with great care one wdll always be able to 
obtain between 9i)-9 and 100*1 for the lOO parts of chlorine actually 
present. 

Less perfect methods will, of course, exhibit far greater discrepancies; thus, 
in the estimation of strontia by means of sulphuric acid, the most attentive' 
and skill'ul o})erator may not be able to olUain more than 99*0 (and 
even less) for the 100 parts of strontia actually present. I may hero 
incidentally sUite that the numbers occasionally given in this manner, in 
the course of the present wmrk, to denote the degree of accuracy of certain 
methods, refer invariably to the substance c^stimated (chlorine, nitrogen, 
baryta, for insbince), and not to tin; (a)mbination in which that substance 
may bo weighed (chloride of silver, bichloride of platinum and chloride ot 
mninonium, sulphate of baryta, for instance) ; otherwise the accuracy of 
various methods would not be comparaldo. 

The occasional atUiinment of results exactly corresjionding witli the 
numbers calculated does not always justify the assunqition, on the part of 
the student, that his operations, to have led to such a result, must have 
been conducted with the utmost precision and accuracy. It may some- 
dmes ha[)pon, in tlie course of the analytical proces.s, that one error serves 
h) compensate another; thus, for inst;mco, the analyst may, at the com- 
uieneement of his operations, spill a minute portion of the subst;ince to be 
•malysed; wliilst, at a later sbigo of the process, he may recover the loss 
y ‘'tn imperfect washing of the preeij^itiite. As a general rule, results 
blowing ji trifling deficiency of substance may bo looked upon as better 
proof of accurate performance of the analytical process than results oxhibit- 
Jin excess of substance. 

“^8 not the least effective means of guarding against error and inaccu- 
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raeics in (jravimeiric anali/ses, I would most strongly rccominend tlie 
amdyst, after u'eajhiiuj a precipitate, to ceanpare its properties (ro/o/, 
sohihiliti/] reaction, cja-.) with those which it should possess, and wliidi 
have been amply described in the ja’ceeding Section. 

Ill my own laboratory, I insist upon all substances that are weighed in 
the course of an analysis being kept between watch-glasses, until the uholn 
alliiir is concluded. This afh.rds alwap a chance of testing them oiue 
more lor some impurity, the presence ot which m:iy become suspeeled in 
the alter-course oi' the iirocess. 

I. ESTIMATION OF BASES IN COMPOUNDS CONTAINING ONhV 
ONE BASE AND ONE ACID, OR ONE METAli AND 
ONE METALLOID. 

FIRST (JRori*. 

POT ASS A SODA — A M MON I A — ( L 11 1 1 1 A ) • 

§ 117. 

I. PoTASSA. 

a. Solution. 

Potassa and its sidts with those inorganic acids which we have to con- 
sider lierc are dissolved in water, in which menstruum they dissulvo 
readily, or at all events, pretty readily. 

I*otassa salts with organic acids it is Ireipiently most convenient to 
convert into carbonate of potassa by long-cMontinuiMl gentle; ignition in 
covered crucibles. It* they an; heated to fusion, the s(‘i)araled carhoii acts 
on the carbonate of ]>oUis.s;i; carl)onic oxide es(’a]i('s, and a ))orlio!i u! 
caustic pota.ssa is produced. A slight lo.ss of poUissa is occ.asioned 1'} 
simjjle carbonization; a further loss takes place on lusing, whicli is ceii^c- 
fjuently to be avoided. 

h. Ksfiniation. ^ 

Potassa is weighed either as sniphnte or nitrate nj jiotassa, or as ('hlmiei. 
of jiotassinni or hichloride of platinum and chloride of jiotassiimi (mv 
§ ()Hj. For the alkalimetri(; estimation of caustic or carbonated jnila.v'a. 
see §§ !21'.) and 220, and for the aeidinietric estimation of silicadluoride et 
pota.s.'iiim, see § 2 15. 

Wo may convert into 

1. Sl'lpiiate of Potassa. 

Salts of pota.ss;i with strong volatile acids ; e.j,, chloride of potassiuin, 
bromide of [)oL'is.sium, nitrate of [)ota.s.sa, Ac. 

2. Nitrate of JVia.s.sa. 

Caustic potassa, ami com])ounds of potassa with weak volatile acids 
are not decompo.sed by nitric acid ; c.tj., carlionate of potassa (salD 
j)otaH.sa with organic acids). 

d. Chloride of Potas.sium. 

In general, caustic jiotassii and salts of potassa with weak volatile 
especially also with such as are deeoin[»o.sed by nitric acid ; r.y., sulpl*^^^ 
of potassium. 

Also, and more particularly, sulphate, chromate, chlorate, and sihc^i 
of potassa. 
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4. BiCJiLORiDi: OF Platinum and Chlouidi: of Potassium. 

Salta of ])Otassii witli iioii-volatilo acids soluldo in alcoliol ; plios- 
)liatc of potassa, liorato of poUi.s.sa. 

The potassa in the borate of tliat alkali may be deterniiiu.d also as 
ailphate (§ Idd); and the putiis.sii in the phosphate, as chloride of ])otas- 

siuia (§ 155). 

The 1‘urni of bichloride of platinnm and chloride of poLa.ssliini may also 
be resorted to in general, for the estimation of the poUrssa in all salts of 
that alkali with acids solul)le in alcohol. This form is, mon'over, of 
especial importance, as that in which the se[)aration of pota.ssa from soda, I'Cic., 

is eHectod. 

1. DcteniiinatiotL as Sulplmte of 

Evaporate the aqueous solution of the sul[)hate of potass^i to dryness, 
ignite the residue in a platinum crucible or dish, and weigh (§ 42). The 
residue must be thoroughly dried l»efore you }>roceed to ignite it ; the 
heat applied for the latter purpose must be moderate at lirst, and very 
gradually incrca.sed to the re([uisite degree; the crucible or dish must be 
kept well covered — neghu't of these pree-autionary rules involves always a 
loss of substance from decrepitation. If free sul[>huric acid is pia'simt, we 
ohtaiii, U})ou evjiporjition, bisidphate of j)otassa ; in such cases the exce.ss 
ofsulpluu’ic acid is to be lauuoved by igniiting lirst alone (here it is best to 
place tin! lamp so that the ll.ame may strike the dish-cover oblicpiely from 
ciliovc), then with carl >onate of ammonia. See § (IS. 

For properties of the laisidue, .see § <hS. Ob.serve more particularly that 
the residue must di.ssolve to a clear iluid, and that the .solution must be 
neutral. Should traces of platinum remain ludiind (llie di.sh not having 
heeu previously weighed) these* mu.st be can-fully determined, and their 
weight subtracted from that of the ignilesl residue. 

ith proper care and attention, this method gives accurate ri'sults. 

To convert the above-mentioned .stilts (chloride of potassium, \e.) into 
Biil])hate of polas.sa, add to tlndr aqueous solution a <pmutiiy ot‘ ])ure sul- 
phuric acid more than sullici(‘Ul to saturate the whole of the jH)tassa, 
fvajiuratc tint solution to dryne.ss, ignite the n'sidut*, and convc'rt the bi- 
ffilphato of ])ota.s.sa into the neutral .sjilt, by treating with carbonate of 
tniiinoiiia (;,s). 

As the e.xpulsion of a large <juautitv of sul[)huric acid is a very <lis- 
tigrceahle proce.ss, avoid adding too great an excess. Should too lilth' ot 
Ihc acid have been used, which you mav inter Ifom the non-evolution ot 
S'h]ihuric acid fumes on ignition, moisten tlie residue with ililute suljdiuric 
^< 1 ( 1 , evaporate, and ag.ain ignitt*. If you have to deal with a small qiian- 
hty only ot chloridij of pota.ssium, Ac., jtroceed at orn’e to treat the dry 
^['t, cautiously, with dilute sulphuric acid in the platinum crucible pro- 
'Vided the latter be capjacious enougli. In the case of bromide and iodide 
^1 l*ota.ssium, the use of platinum ves.sels mu.st lu! avoided, 
t A iPtcnmnatwii <is Nitniti’ of Potussti. 

bc'iieral metliod the .siine as de.scribed in 1. Nitrate of pota.^.sa must 
'(‘uted very gently to the tiising point, otherwi.se .some loss is likely to 
from evolution of oxygen. 

'Jf l>roperlies of tlie residue, see $ (18. The method is easy ; and the 
^«ults ;ic curate. 

conversion of. carbonate of potassa into the nitrate, § 38 must bo 
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3 . Determination as Chloride of Potassium. 

General method the same as described in 1. The residue of chloride oi 
potiissium must, previously to ignition, be treated in the same way ;ij 
sulphate of potassji, and for the same reason. The salt must be hcatid m 
a well-covered crucible or dish, and only to dull redness, as the applim. 
tion of a higher degree of heat is likely to cause some loss by volatilization. 
No particular regard need be had to the presence of free acid. L\ji- pi,), 
pertics of the residue, sec § 68. This method, if properly and caialiiHj 
executed, gives very accurate results. The chh)ride of potassium nmv, 
instead of being weighed, be determined volumetrically by § 141, h. Tins 
method, however, lias no advanUige in the case of single estimations, but 
saves time when a series of e.stimations have to be made. 

In determining potassii in the carbonate it is sometimes desinililo to 
avoid the efTervesccnce occasioned by treatment with hydrochloiac acid, 
as, for in.stance, in the case of the ignited residue of a ])otassa salt uitli 
an organic acid, Avhich is contjiined in the crucible. This imiy lx* (.lliAiLd 
by treating the carbonate with solution of chloride of ammonium in i xa ess, 
evaporating and igniting, wIkmi carbon.ate of ammonia and the exo-s 
of chloride of ammonium will escape, leaving chloride of pota,<,<iLiiii 
behind. 

The methods of converting into chloride of [mtassiuin the potiissa com- 
pounds spccifit'd above, will be found in Part II. of this ISection, uiulcr the 
respective heads of the acids which they contain. 

4 . Determination as Bichloride of Platinum and Chloride of Put amimi, 

a. Salts ol’|)Otassji W'ith volatile acids (nitric acid, acetic acid, 

Mix the solution with hydrochloric acid, evajmrate to dryness, dissolve 
the residue in a little water, add a concentrated solution of bichbnmk el 
platinum, as neutral as possible, in excess, and evajiorate in a ])urci‘laiii 
disli, on tlic water-bath, nearly to dryness, talking care not to hciit the 
water-bath (piite to boiling. Pour spirit of wine ol‘ about iSd jxt miit. 
over the residue; let it stand for some time, and then transfer the bi- 
chloride of platinum and chloride of poUissium, which remains undisselvil, 
to a weighed filter (which may be readily done by means ol‘ a wadiiii^ 
bottle filled with s[)irit of wine). Wash with H])irit of wine, dry at U'b , 
and weigh (§ .50). 

/3. l^oUissJi sjilts with non-volatile acids (jdiosidioric acid, hermit 
acid, (.tc). 

Make a concentrated solution of the salt in water, add somti li}'9'>'- 
chloric acid, and l)ichIoridc of platinum in excess, mix with a tebriibh 
(juantity of the strongest alcohol, let tlie mixture stand 21 hours; 
which filter, and proceed as directed in a. 

^ Properties of tlie j)reci])iUitc, § 68. This method, if properly exccutel, 
gives s^itisliictory results. Still there is generally a trifling loss of suhstaiuh 
bicldoride of platinum and chloride of jiotjissium not being absoliikl} i»' 
soluble even in strong alcoliol. In accurate analyses, therefore, the ihco- 
holic washings must lie evaporated, with addition of a little pure chleri^h' 
of sodium, at a temperature not e.xcce<ling 75'^, nearly to dryness, aiul 
residue treated once more with spirit of wine. A trifling aihlitian” 
amount of bichloride of ])Iatinum and chloride of potassium is thus uhtaimo 
which is cither added to the jirincipal ])recipitate or collected on a 
small filter, and determined as platinum, by the method given below. 
object of the addition of a little chloride of sodium to the bichlori^^ ^ 
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platinum is to obviate tlie decomposition to which pure bichloride of 
platinum is more liable, upon evaj)oration in alcoholic solution, than the 
bichloride containing sodio-bichloride of platinum. The atmospliero of a 
laboratory often contains ammonia, which might give rise to the formation 
ol' some chloride of platinum and ammonium, and to a consequent increase 
of weiglit in the potjissium siilt. 

As collecting a prccipitfite upon a weighed filter is a rather tedious 
process, and, besides, not over accurate, where we have to deal with 
minute quantities of suhstjince, it is better to collect small portions (up to 
about 0-03 grm.) of bichloride of platinum and chloride of poUissium upon 
\ii very small iniweiijhcd filter, — dry, and transfer the filtt'r, with the preci- 
pitate wrapped up in it, to a small porcehiin crucible. Cover the crucil)le, 
arid let the filter slowly char ; remove the cover, burn the carbon of tli (3 
tiltcr, and let the crucible get cold. Put now a very minute portion of 
pure oxalic acid into the crucible, cover, and ignite, gently at first, finally 
to a strong red heat. The Jiddition of the oxalic acid greatly promotes the 
complete decomposition of the l>ichloride of platinum and chloride of 
liotassium, which cannot well he effeded by simple ignition. Treat the 
contents of the crucible now with water, and wash the residuary platinum, 
until the last rinsings remain clear upon addition of solution of nitrate of 
silver* Dry the residuary platinum, ignite, and weigh. One equivalent 
of platinum represents one equivalent of potassium. 


§ 98. 

2. SoD.t. 

a. Solation. 

Sec § ‘.)7, (( — solution of j>otassa — all the directions given in that place 
applying equally to the solution of soda and its sjilts. 

h. DetertNinafio)). 

Sod;i is determined either as sulpjiide of soda or nitrate of soda, or as 
chloride of sodium or iis carfouate of soda (§ (ill). For the alkalimctric 
I tstiniatioii ofc’austic soda, and carhomitc of soda, see §§2Pd and 220; and 
lor the acidimetric estimation of silicolluoride of sodium, sot § 215. 

We may convert into 

1. Suu'iiATE OF Soda; 2. Nitrate of Soda; 3. Chloride of 
Sodium. 

hi general the s;ilta of soda corresponding to the salts of potasaii sjK'citicd 
utider tlie analogous potash compounds, § 97. 

4. Cakhonate of Soda. 

l^aiistic soda, bicarbonate of soda, and salts of soda with organic acids, 
^ Ritrate of soda and chloride of .sodium. 

i'l liorato of soda the alkali is estimated best as sulphate of soda 
Is 31!); in tbn phosphate, as chloride of sodium, nitrate, or ciirbonate of 

Nil (j 135)^ 

of soda with organic acids are determined either, like the corre- 
^l'<juding potassii compounds, as cliluride, or nitrate ; or — by preference — 

lation^^ '^“hing of the residuary platinum may generally be effected by simple decan* 
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;is carbonate. (This latter inctlio<l ia not so well adapted for fali>; n, 
i,otas.sa.) 'I'lic analyst must here bear in mind, ll.at when ^.rl.on arts™ 
fusing carbonate of soda, carbonic o.xido escapes, and caustic soda in imi 
inconsiderable quantity is l(»rnicd. 

1. Detcnniuntion as ^SuIpJatte of Soda. i ■ , 

If alone and in aqueous solution, evaiiorato to dryness, ignite am wcigli 

the residue in a covered ]ilatinuni crucible (§ IJ). 1 le juiuo^ ( tu > imi 
involve any risk of loss bv decrei.iUition, as in tlie case ol siilpliai:. nt 
potassa. If free sulphuric ‘'acid happens to be jireseiit, this is removal m 
the same way as in the case ol sulphate ot jiotas.M. 

With re<rard to the conversion of chloride of sodium, eke., into siilpliati- 
of soda, see § 1)7, />, 1. Vor properties of the residue, see <>1). IIh: 
method is easy, and gives accurate results. 

2. Determination as Nitrate of Soda. 

Same method as described in 1. The rules given and thc^ obserMitiois 
made in § 1)7, h, 2, ap^.ly equally licre. For properties ol the rouliib. 
see § 013. 

d. Deterndnation as Chloride of Sodium. 

Same method as descrilnal in 1. ddie rules given and tlie (>bservalio!i> 
made in § 'J7, l>, ii, apply opially licrc, For properties ol tlic n^rliw 

see § 01). 1 T t 

The methods of converting the siili.hate, chromate, chlorate, ami siln ati 

of soda into cldoride of sodium, will be loiiiul in Fart 11. ol this Scctiuii, 
under the res|)ective heads of the acids which the.se sills contain. 

T Determination as ( farlnmate <>( Soda. 

Fva])orate the aqueous solution, ignite moderately, and nv' ig 
results are perfectly acmiratce For properties ol the residue, see U.). 

(.hustic .soda is convertc'd into the carbonate by adding to it-i aiiuian. 
solution carbonati! ol ammonia in exces.s, evaj)orating at a gentle hi.at, an 
igniting the residue. 

Jbcarbomite of so<la, if in tlie dry .state, is converted into the 
l)y ignition, d'he heat must be very gradually increased, and tin' ii'^i 
kept well covered. If in a([ueous solution, it is evaporated to di uie^s, m ‘ 
ciijjacious silver or j)latinum di.sh, ami the residue ignited. 

Salts of soda with org.anie acids are convertetl into the c;irhonali } 
ignition in a covered j)latinum crucible, from which the lid is reiiio\|‘ 
after a time. The h(;at must be increasetl very gradually. ^\ hen ’ " 
mass ha.s cea.sed to swell, the crucible is jilaccfl obli([uely, with t a ' 
leaning against it (see § 52, lig. HO), and a dull red heat apjilied 
carbon is con.sumed a.s liir as practicable, d'he ctjnlentsol the cruci " 
then warmed with water, and tlui fluid is liltered oil Irom tla; . 

carbon, which is carefully washed. The liltrate and rinshigs are eval'u 
rated to dryness with the addition of a little carbonate of ;imimMiia, a' 
the residue is ignited and weighed. The carbonate ol ammonia 
to convert any cau.stic soda that may have been rormed into carheuaa 
The method,, if carefully conducted, gives accurate results; howoMb 
small loss of .soda on carbonization is not to be avoided. 

Nitrate of soda, or chloride of .sodium, may be converted into car - ^ 
l)y adding to their aqueous solution perlei-tly [)ure (cxalic acid m 
e.xcesH, and cva|)oratirig several times to dryness, with 
the water. All the nitric acid of the nitrate ol soda escapes ^ jji 
(partly decomposed, partly undecomposed) ; and eijually so all the i; 
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ilorlc .'icitl in the case of clilorlde of Kodiuin. If tlie rcsidno is now 
•nitcd until the excess of oxalic acid is removed, carijonate o{‘ soda is kit. 


§ ^ 99 . 

3. Ammonia. 

d. Sohition. 

AniiiiuJiia is soluble in water, as are all its salts with those acids wliicli 
laiiii our attention liere. It is not always nece.ssiiry, however, to dissolve 
[lt“ atuiJioiiiacal salts for the purpose of determining the amount of 
^iiiioiiia contained in them. 

[' b. Determination. 

! Aiuinonia is weighed, as stated § 70, either in tlic form of chloride of 
^nmoidion., or in that of hiddnrtde of pUitinum and cldoride of oimnoninin. 
ko tlu^se forms it may be conw'rted either direct!// or indi/rdh/ (i.e., 
^(*r (‘xpulsion as ammonia, and re-coml)ination Avith an acid). Am- 
tioiiia is also frequently diiterniined by volumetric analysis, and its 
[uaiitity is sometimes inlerred, from the volume of nitrogen. 

I IVe convert directly into 

1. CiiLOiuDE OF Ammonium. 

■ Aimnoiiiacal gas and its a([ueous solution, and also ammoniacal s^dts with 
ireak volatile acids (carbonate of ammonia, sulphide of aininoniuin, Acj. 

2. JbcHLoiiiDi: OF Platinum and Cmloiude of Ammonium. 


AiniJioniacal siilts with acids soluble in alcohol, such as sulphate ol’ am- 
Iioiiia, [)liosphate of ammonia, kc. 

0 . The methods l)ased on the kxfulsion of thi: ammonia from its com- 
louiid.s, and also that oi' inferring the amount of ammonia from the volume 
»i iiitrog(.'n elindnated in the dry way, are eipially a])plicable to all am- 
lioiiiacal stdts. 


, I he expulsion of ammonia in the dry way, (l)y ignition with soda-lime,) 
pi'l the estimation of that alkali from tin* vcdunie of nitrogen elindnaleil 
p the dry way, Ix'iiig eflectod in the sjime manner as the e.^timation of the 
lUngon in organic compounds, 1 refer the student to the Section on 
P'o-Miic analysis. Here 1 shall only give the methods based in)on the 

f ^pubion ot ammonia and of nitrogen in the wet way. For the alkali- 
^'tiic estimation of free ammonia, .see §§ 219 and 220. 

1 - f^eter/n/natio/L as Chloride of A/n/noni//m. 

'evaporate the a(pieous .solution of the ohhu'ido of animoninm on the 
Wei'-bath, and dry the residue at lOtP until the weight remains constant 
S -)• Iho results are accur.ate. The volatili/ation of the cldoride is 
trilling. A direct experinnmt gave 99’9-l instead ol’ Ph). (See 
'^pt. ],).) prn,s(jnce of frets hydrocldoric acid nuikes no dillmence ; the 

'^“'cisioiiof caustic ammonia into chloride of ammonium may accordingly 
c ected by supersiitu rating Avith hydrochloric acid. The siune applies 
^‘<^>'iversion of the carbonate, Avith this addition only, that the pro- 
^^pt supersiituration must bo conducted in an oblitpiely-placed llask, 
die ndxturo heated in tlic same, till tlie carbonic acid is driven olf. 

dI sulphide of ammonium avo proceed in the same Avay, 

, r^are simply, alter the expulsion of the suljdiuretted hydrogen, and 
pore proceeding to evaporate, to filter oil’ the sulphur AN'hich may have 
t^ted. Instead of Avcighing the chloride of ammouium, its quantity 
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ina}’ ho inferred by the determination of its chlorine according to § : 

(Comp, chloride of potassium, § 1)7, h, 3). 

2, Determination as Biehloride of Platinum and Chloride of Aimiuihuhi, 

a. Ammoni.'ical salts with volatile acids. 

Same method as described in § 97, bj 4, a (bichloride of platinum anti 
chloride of potas.sium). 

/3. Ainmoniacal s;ilts with non-volatile acids. 

Same method as described § 97, b, 4, /3 (bichloride of ])Iatinuin ami 
chloride of potassium). The results obtained by these metlioth are 
accurate. 

If you wish to control the results,* ignite the double chloride, wrappiil 
up in the filter, in a covered crucible, and calculate the amount ol aiii- 
inonia from that of the residuary platinum, ^'lie results must a-rne, 
The heat must be increased very gradually. f Wantol due caution in ihis 
resjiect is apt to lead to loss, from ])articles of the double salt bdii: 
carried away with the chloride of ammonium. Very small ((iianiitiis 
of bichloride of platinum and chloride of ammonium are collected uii :iu 
unweig]ic<l filter, dried, and at once reduced to jilatinum l)y ignition.} 

3. Estimation b>/ Expulsion of the Ammonia in the Wet If 'ay. 

Tins method, which is ai)plicable in all cases, may be effectiMl in two 
different ways — viz., 

a. Expulsion of the Ammonia hy distillation with Solution of Po- 
TASSA, or Soda, or with Milk of Lime. — A pplicable in all cases wIktc 
no nitrogenous organic mattems from which ammonia miglit be evolved 
upon Itoiling with solution of pota.s.sa, etc., arc present with tlie anuiioiiis 

SilltS. 

Weigh the sulistance under examination in a small glass tube, 11 o;iin- 
metres long and 1 wide, and put the tube, with the substance in it, into a 
flask containing a suitable (piantity of moderatedy concentrated solution ol 
])Otassii or soda, or milk of lime, from which every trace of aininoiiin li!ti 
l)(;en removed l)y protr. acted ebullition, but which has been idlowt'd tc 
tlnjroughly cold again ; j)lace the flask in a .slanting ])Osition on wiro-gni/t' 
and immediately connect it by means of a gla.ss-tube bent at an obtiw 
angle, with the glass-tul)C of a small cooling apparatus, (’onnoct lb 
lower end of this tube, by means of a tight-fitting perll)rated cork, witd* 
sufficiently large tubulated receiver which is in its turn I'onnecUHl wifk • 
U tube by means of a bent tube pa.s.sing through its tubulurc. 

If you wish to determine rolninetrieally the ipiiintity of (immonm 
introduce the larger portion of a measured (piantity of standard solution^ 
(jxalic or hydrocldoric acid (§ 215), into tin; nveeiver, the rcunaimlir uji 
the U tube ; add to the portion of fluid in the latter a little water, and ooi 
the lifpiids in the receiver and U tube nul with 1 or 2 c. c. of 
of litmus. The cooling tube must not dip into the fluid in the rcceiur 
the fluid in tlie U tube must completely fill the lower part, Imt it must n' 
rise high, iis otherwise the 2)a.s.sage of air bubbl(iH might easily occasion 

• If the bichloride of platinum and chloride of ammonium is pure, which 
known by its color and general appearance, thii control may be dispensed witti.^ 

t The hcHt way is to continue the application of a moderate heat for * ^ 

then to remove the lid, place the crucible ohlitiuely, with the lid leaning JVgauist i , 
bum the charred filter at a gradually increased heat (H. Itese). 

+ In a series of experiments to get the platinum from pure and perfectly Jvti 
arninouio-bichloride of jdatinum, by very cautious ignition, Mr. Lucius, ouo 
pupils, obtained from 44'1 to 44*3 per cont. of thu metal, instead of 44*3. 
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L spirting. Tlio quantity of acid used must of course be more than 
bfricicnt to fix the whole of the ammonia expelled. 

1 When the apparatus is fully arranged, and you have ascertained that all 
ihe joints are perfectly tight, heat tlic contents of the flask to gentle 
ibullition, and continue the application of the same degree of heat until 
he drops, as they fall into th(3 receiver, have for some time altogether 
(eased to impart tlic least tint of l)lue to the portion of the fluid with which 
hey first come in contact. Loosen the cork of the flask, allow to sUind 
}alf an hour, poiu: the contents of* the receiver and U tulj>c into a beaker, 
fiiisiiig out with small quantities of water, determine finally with a standard 
lolution of soda the quantity of acid still free, which, by simple subtrac- 
^ 011 , will give the amount of acid whicli has combined with the ammonia; 
liid from this you may now calculate tlm ainomit of the latter {§ ^20). 
Results accurate. 

If you wish to determine hy the gravimetric method the (juantif// of 
immonid expelled^ receive the ammonia evolved in a (piimtity of hydro- 
chloric acid more than sufficient to fix the whole of it, and determine the 
chloride of ammonium formed, either by simple evaporation, after the direc- 
tions of 1, or as amnionio-bichloride of platinum, after the directions of 2. 
h. Expulsion of the Ammonia nv Milk of Lime, without Application 
Heat. — This method, recommended l)y SciiLdsiNG, is based upon the 
fact that an aqueous solution contiiining free ammonia gives off the latter 
completely, and in a comparatively short time, wdien exposed in a shallow 
vessel to the air, at tlic common temperature. It finds aj)plication in 
cases where the presence of organic nitrogenous sul>st{inc(3s, decomj)osyd)lc 
by boiling alkalies, forbids the use of the method described in d, a ; thus, 
Pur instfince, in the estimation of the ammonia in urine, manures, t'ce. 

The fluid contidning the> ammonia, the volume of which must not exceed 
35 c. c., is introduced into a shallow flat-bottomed vessel from 10 to 12 
centimetres in diameter; this vcs.sel is juit on a plate filled with mercury. 
A tripod, made of a massive gla.ss rod, is |)laccHl in the vessel which con- 
tairia die solution of the ammoiiiacal s;dt, and a sj\ucer or shallow dish with 
10 c. c. of the normal solution of oxalic or suljdiuric acid (§ 215) ]nit on 
It. A beaker is now inverted over the w'hole. The beaker is lifted up 
on one side as far as is required, and a sufficient quantity of milk of 
lime added by means of a pijiette (wdiich should not be drawn ont at tlic 
bwer end). The Ixcaker is then rajiidly j)res.sed down, and weighted with 
& stone slab. After forty-eight hours the glass is lifted uj), and a slip of 
jnoist reddened litmus jiapcr placed in it ; if no change of color is ob.servable, 
pis IS a sign that tlio expulsion of tlie ammonia is comiilcte ; in the con- 
Fpy case, the glass must be re|)lacc<l. Inste-ad of’ the biiaker and plate 
^ith mercury, a bell-jar, with a ground and greitsed rim, placed air-tight 
R a level glass plate, may Ikc used. A boll-jar, having at tlu' top a 
piular opening, furiu.shed with a close-fitting glass .stopj)er, answers the 
Prpos (3 best, as it permits tlie introduction of a .slip of red litmus j^ajKT 
Rspcndcd from a thread ; thus enabling the operator to see whether the 
Fmbination of the ammonia with the acid is conqdeted, without the 
^<icossity of removing the bell-jar. According to SciiLiisiNG, forty-eight 
are always sufficient to expel O’l to I gramme of ammonia f‘rom 
I to 35 c. c. of solution. However, I cjin admit this statement only as 
quantities up to 0-3 grm. ; quantities above this often require a 
gor tune. I, therefore, always prefer operating with quantities of sub- 
containing no more than 0’3 grm. ammonia at the mgst. 
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WliGU all tlio ammonia has hocn expelled, and has entered into con,; 
nation with the acid, the quantity of acid left free is determined liy m,,,, 
of standard solution of soda, and the amount of the ammonia cnilciil;, i 
from tlic result (§ 220). 

4. Ksdination by Kxpu/sion of the Nitroyen in the M'ct ITr/y, 

A process for determining ammonia hy means of the azotometer lias 1 ,,., 
given hy W. Knoi*.* It depends on the separation of th(‘ nitnigci, i.y 
liromized and strongly alkaline solution of hy])ochlorit(i of soda. '|i,, 
•will 1)0 found under Analysis of Soils, § 2G0, 8, b. 

Krookku and DiKTcrcu'l' enqdoy the same princijtle in another inaniK.r 
They decompose the aminonia compojimls hy means of a measureil ijnai. 
tityjLif hroniized hypO(ddorite of soda, dc'termine the luideconiposcd iv. 
mainder, and thus lind the amount that has been deeonqiosed. TIn'v in 
the same decomposing fluid as Knoc. It is determined with a solutii,; 
of arsenite of soda, confainitig l-llh grm. e(j.) of the acid inn liiiv, 
As the arsenions acid rcipiires 2 ecp oxygen, or as tin? case may he, clildri!),', 
hromine, or iodine, this (piantity of arsenions acid rejn-esents ( (j. 0 x 0 : 111 , 
chlorine, hroiuiiu', or iodine. As again ft eq. chlorim; or hinminc an; 
necessary to dei'ompose 1 (‘ip ammonia and lilierate 1 ('(p nilroaien. ;; c, 
of arsenite of soda solution correspond to e([. chlorine or o>i, 

(0-0017 grin.) ammonia. 1 c. c. thcrefire corresjionds to 0'0(H);i(;(;i; ynii, 
ammonia. The estimation of the hleaching fluid xyith the tirscnlc snhnicii 
is conducted after J’kn'ot's proc(‘ss (§ 227). The experitnent is coino 
quently performed asfldlows: add to the solution of the anininiiia sO 
ineasur(‘d <pianf,ities of the oxidizing solution till no more elTcrvcstiKi 
takes })lac(‘, allow to stand ten minutes, dilute with water fne I'roiii 
ammonia and run in the arsenic solution from a hurette, drop Oy (Imji t'- 
wards the end, till no reactioti is jirodueed on iodide of jiotassiiiiii ;iui 
starch ]ta])(;r. Deduct the c. c. of arsenit; solution used from tin' r. ii't 
respomling to the (pmutity of hroniized solution a<lded, the rciii.iiid' 
represents the amount of ammonia in accordance with tin' rclaticn al'nv 
pointed out. The test-ana Iys<.‘s communicated hy the authors arr siti? 
factory. In the presence of other suhstJinces which are oxidized hy clilo 
rinc the method is inapplicahle. 

§ 100 . 

Supplement to the First Group. 


lithia. 


In the ahsence of other bases, litliia may, like potassa .and soda, hot"! 
verted into anhydrous sm.ciiATi:, .and weighed in that form (hi 
As lithia forms no acid .suljihate, the exces.s of .snljihuric acid may 
readily removed hy simj/Ie ignition. (lAimoNATt: of also, uliidi 

dilFicultly soluble in water, and fuses .at a red heat without suirering dcoi 
p*sition, is well .suited for weigl,i„gj ^vhilst chloride of lithium, 'vlii 
deli(pie.s<X!H in tlie air, and is hy ignition in moist air convertml into liyh 
chloric .acid and lithia, is unfit lor the estimation of lithia. 


In presiaice of otlnir alk.alies, lithia is best converted into cask’ riiosi’i' 
OF LITHIA (d Li O, P O^), and weighed in that form. This is ellh’^''* 
the following process : add to the solution ;i sufficient quantity of ]'ho^^p!‘ 


• Chein. Centralhl. 1800, 244. 
t Zeitachr. f. Analyt. Chem. 3, 04. 
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§ 101 .] 

of soda (wliieh must he perfectly free from i)liof?pliatos of the alkaline earths), 
and enoii^di soda to keep the reaction alkaline, and evaporate tlie mixture 
to dryness; pour water over the residue, in .siifricient (piantiiy to diss(.lvo 
the soluble salts with the aid of a gentle lieat, add an equal volume of solu- 
tion of ammonia, digest at a gentle heat, filter after twelve hours, and wash 
the ])reei[)itate with a mixture of equal volumes of wat(T and solmion of 
aninionia. llvaporate the filtrate and first washings to dryness, and treat 
the residing in the sanu! way as l)eforo. If some more phos|)liatc ol‘ lithia. 

' is thereby ol)taine(l, add this to the prineijial quantity. The; ])rocess gives, 
on an average, DD'dl for 100 parts of lithia. 

If the (piantity of lithia present is relatively very small, the larcrer 
portion of the j)obiss,'i or soda compounds should first be removed by 
I addition of absolute alcohol to the most liighly concentrated solution of 
; the salts (chlorides, bromides, iodides, or nitrates, but not sulp)hates) ; 

I since this, by h'ssening tin* amount of water re<pjired to effect the sejnira- 
tion of the phosjdiate of lithia from the soluble siilts, will ])revent loss of 
' lithia (\V. Mayku*). 

The ])re(d]>itated basic; ]ibos]*bate of lithia has the formula 3 Li O, 

: PO^ + aq. it dissoI^n^s in 2b3P parts of pure, and 3l>20 parts of nmmo- 
niated Avater ; at I0(P*, it cmiupletely loses its water; if pure, it does nor 
cake at a )iioderate r(;d heat (IMaykij). 

The ohjeetioiis raised hy K'AMMKLSHKimf to Mayer’s method of estimatinL^ 
lithia I find to be ungrouudc'd. Aee'ording to my own experience, it 
appears that the filtrate* ajid Avasb-Avater must l>e evaj)orate<l in a jdatinnm- 
dish not only onee, but at least twice— in Diet, till a residue is obtained 
which is completely soluble* in dilute ammonia. Phosjdiate of lithia may 
he dried at 100®, or igiiife<l ae'oonling to ^ hO, before being AveiLdied. In 
the latter ease, care must l)e taken to free the tilter as much as jmssibh* 
from the ])reeij)itate l)(*foro }>roeet‘ding to incinerate it. I have* thus ob- 
tained, J instead ot 100 jiarts carlionate of lithia, by drying at lOO^ O'.PS t, 
lILSll, 100-.U,_|,y ia„iting OO-tO; and 100-05. The pbospliate of lithia 
olitaiiied Avas fr(*e from soda. 


SECOND GUO IT. 


R A li Y T A ST R O N T I A L 1 .Al E MAG N E S I A . 

§ 101 . 

1. Baryta. 

Solution. 

hanstic baryta is soluble in Avatcr, ns are many of the s,alRs of this alka- 
th! l»aryta which are insoluble in Avater are, Avith almost 

<lissolved by dilute li\ droeblorie 
J • he solution oi the snljdiato is eifected Iw fusion Avilh the mixed 
' «oda and imOi.ssii, Ac. (Sec § 132.) 

raf ''Yoighod either as sulphate^ or as carhouate, rarely (in the sejaa- 

*0^^10111 strontia), as silico-Jluoride of hariinn (§ 71). Baryta in the 

193, where Mayer h.as also demonstrated the 
Aarvln ^ ph'^^pliato of soda and lithi.% of fixed composition (Iterzelius), or of 

J U ^’oinposiLion titammelsbcrg). 

t Togg. Annal. 102, 443. + Zcitschr. f. Analyt. Cliem. 1, 42. 
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pure state, or in form of carbonate, may also bo determined by tlie voli 
^netric (alkulimetric) method. Comp. § 223. 

We may convert into. 

1. Sulphate of Baryta. 


a. Btf Precipitation. 

All compounds of baryta without 
^exception. 


h. By Evapoj'ation. 

All compounds of baryU ^vi 
volatile aclils, if no other non-vol 
tile body is present. 


2. Carijonate ok Baryta. 

a. All sjilts of baryta solul)le in Avater. 

b. Salts of baryta with organic acids. 

Baryta is both precipitated and weighed, by far the most frerpiciitly 
sulphate, the more so ;is this is tlie form in which it is most coina'nieiit 
separateil from other bases. The determination by means of evnpoiiitii 
(1, b) is, in eases whore it o.an Ik; applied, and where we are not (tldiLn il 
evaporate large <piantities of iliiid, very exact and convenient. Biiryta 
determined as carbonate in the wet way, when from any reason it is )i 
possible or not desirable to precipitate it as sulphate. It a Iluid or d 
substance contains bodies, Avhich impede the ]>recipit;ition of the l)arvt:i 
sulphate or carbonate (alkaline citrates, metaph()sj)lioric acid, sc*' § 7 
a and //), such bodies must of course lx; got rid of, before proccudiiig 
precipitation. 

1. Determination a.*? Snlphate oj Baryta, 
a. By Precipitation. 

Heat the moderately dilute solution of baryta, which must not coni'! 
too much free acid, (and must, tlierefore, if necessjiry, first be freed thei 
from by evaporation or addition of carlai^iate of soda,) in a platiiiiun 
porcelain dish, or in a glass vessel, to incipient ebullition, add dilute si 
phuric acid, as long as a precipitate forms, keep the mixture for sonic tii 
at a tcmp(Taturc very near the boiling point, and allow the precipitat* 
few minutes to subside; decant the Jilmost clear supernatant Iluid on 
filter, boil the precipitate three or four times with water, then traiiplit 
to the filter, and wa.sh with boiling water, until the filtrate is no Ion,!- 
rendered turbid by chloride of barium. Dry the j)rocipitate, and tniit 
as directed in § 53. If the precijiitate has b(*en |)ro[)t‘rly washed in i 
manner here directed, it is perfectly pure, and gives up no chloride 
barium to acetic acid, even if boiling, nor any appreciable tnicu of il 
boiling nitric acid, though the solution had contained that salt.* 

h. By Evaporation. 

Add to the solution, in a weighed platinum dish, juirc sulpli^' 
acid very slightly in excess, and evajiorate on the water-bath ; expel ' 
excess of sulphuric acid by cautious application of heat, and ignite 
residue. 

For the properties of sulphate of baryta, see § 71. 

Both methods, if properly and carefully executed, give almost ahsolu 
accurate results. 

* I mention this in reference to Siegle’s statement in the Journal f. 

69, 142, that acetic acid and nitric acid will still extract small quantities of cli 
barium from sulphate of baryta, formed in preseuco of an excess of sulphuno ac > 
thoroughly washed with water. 
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2. Detemination as Carbonate of Baryta, 
a. In Solutions. 

]yiix the moderately dilute solution of the har^ salt, in a beaker with 
fiminonia, add carbonate of ammonia in slip^lit excess, and let the mixture 
^Uind several hours in a warm place. Filter, wash the precipitate witli 
^^ater mixed with a little ammonia, dry, and ignite (§ 5.3). 

I For the properties of the j)recipitate, see § 7 1 . This method involves 
^ trifling loss of sub.stancc, as the carbonate of barytii is not absolutely 

I nsoluble in water. The direct experiment, No. G2, gave 1)9-79 instead 

)fl00. 

If the solution contiiins a nohible (juantity of ammoniacal sJilts, the loss 
iK urrcd is much more considerable, since the presence of such siilts greatly 
iicrcascs the solubility of the carbonate of baryta. 

b. In Salts of Baryta with Organic Acids. 

Heat the salt slowly in a covered platinum crucible, until no more fumes 
;are evolved ; place the crucible obliquely, with the lid leaning against it, 
land ignite, until the whole ol‘ the carbon is consumed, and the residue prc- 
jBents a perfectly white appe;irance: moisten the residue with a concen- 
trated solution of carbonate of ammonia, evaiK^ratc, ignite gently, and 
weigh. The results obtaine<l by this inethod are quite satisfactory. A 
direct experiment. No. <13, gave *99-(;i instead of 100. The lo.ss of sub- 
stance, which almost invariably attends this method, is owing to particles 
of the 8<'dt being carried away with the fumes evolv(‘d ujK)n ignition, and 
is accordingly the less considerable, the more slowly and gradually the heat 
is increased. Omission of the moistening of the residue with carbonate of 
uininonia wotdd involve a further Joss of substance, as tJie ignition of ctir- 
ibonate of baryta in contact with carbon is attended with formation of some 
j caustic barytii, carbonic oxide gas being evolved. 


§ 102 . 


2. Stuontia. 

a. Solution. 

See the preceding paragraj)h (§ 101, a . — Solution of baryta), the diree- 
aons there given applying ecpially here. 

b. Determination. 

btrontia is weighed either as sulphate or as carbonate of strontia (§ 72). 
^hontia in the pure .st-ite, or in form of c,-irbonate, may bo determineil also 
the volumetric (alkaliinetric) method. Comp. § 223. 

Wc may convert into 

1. SiJLiuiATE OF Strontia, 


^ Brecipitation. 

compounds of strontia without excej)tiou. 

. By Evaporation. 

salts of strontia with volatile acids, if no other non-volatile body is 

I'resent. 


2. Cariionate of Strontia. 

All compounds of strontia soluble in water. 

^1'^‘ootia with organic acids. 

yield^ based on the precipiUition of strontia with sulphuric acid 

b to ? results only in cases where the fluid from which the strontia 

precipitated may bo mixed, without injury, with alcohol. Where 

M 
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this cannot be done, and where the method based on the cvajwrntion r 
the solution of strontia with sul])hiiri(! aend is Cfpially map]) ica > o, tli 
conversion into the cM|bonate oiijifht to be resorted to m i)re crciur', i 
admissible. As in tlmcase of baryta, so here, we have to Ix^ on o;n 
guard against the presence of substanc(‘s which would impede i)r(‘cij.it:Uioii 

1. Detennination aff Sulplintc of Strontia. 


a. Bif PreA'ipitation. 

Mix the solution of the s:dt of strontia (which must not be too ,1, Into 
nor eontaiii miirli free bvdroelilorio or nitric acid), with dilute si, |.linr, 
acid ill excess, in a licakcr, and add, at least an equal volume ol al.elid 
let the mixture stand twelve hours, and filter; wash the i.reciialaU' mil 
dilute spirit of wine, dry and i;;uite (§ ■ 

If the circumstances oi‘ the case ])revent the use oi alco u> , k im 
must bo pr('ci])itated in a tolerably concentrated state, allowed to stum i 
the cold for at least twenty-four hours, liltc‘red, and the ])reci]>it,ate viislio 
Avith cold Avator, until the' last rinsings manifest no longmr an acid n actidi 
and leave no ])erceptil)le residue ujion evajioration. If traces oi In-e siil 
],liuric acid remain adhering to tin' filter, the latter turns liliick on .Iryim 
and cruml)les to ])iee('s ; too ])rotracte<l washing ot the ])reci]ntato, on 1 1 

other hand, tends to increase the Joss of substance. 

Care must be taken that the j.n'ciiiitate be thoroughly dry, hi'toro pre 
ceedine' to ignite it; otherAvise it Avill be }i])t to throw oil iiin ]i.iitu ' 
during^ the latter j>rocess. The hlter, which is to be burnt apart trom tl; 
T>recipitiite, must bo as clean as possible, or some loss ()t substaiu'c \u 
beincurrc<l; as may be clearly seen iiajin the dej)th ot the ( aiiiuiH 
of the flame with Avhich the filter burns if the precii>itate has not l u 


Wlien alcohol 


liitic 




pro})erly removed. 

For the properties of the jirecipitate, see § 72. 
and tin' <lin'etions given are j»roperly adlrtn'd to, the results aie ' 

rate; Avhen the sulphate of strontia is pn'cipitated Irom ana<pie' 
on the contrary, a certain amount ot loss is unavoidable, as sn ]' i-'i 

strontia is not absolutely insoluble in water. The direct exj'criinciit^, 
fl l, gave.oidy 98-12 and 98-()2 inslea<l of 100. However, the J' 
be rei.'tified, by calculating the amount of sul])hate of strontia 
the filtrate and the wash-water, basing the ealeulation upon lln' 
degree of solubility of sulphate of strontia in ])ure 
,Soe Fx]»t. No. 05, which, Avith this correction, gave 99'77 instca'l e 


/>. Jiif I'U'aporation. 

The s;une method as described for baryta, § 101, 1, h. 
2. Detennination as Carbonate of Strontia. 


a. In Solutions. . ^ 

The siiine metliod as descrrt)ed § 101, 2, u. For the 
preci])itate, see § 72. The method gives very accur.ate resulls, 
of strontia is nearly absolutely insoluble in Avater containing 
carbonate of ammonia. A direct exjieriment, No. (If), gave .1.1 
of loo. Presence of ammoniacal salts exf'rcisf's here a less adverse m 
than in the preci})itation of carbonate ol baryta. 


b. In Salts U'ith Qnjanir, Acids. 

The wime method as (icscriiied § 101, 2, h. Tho remarks im 
rnaiwcting tlio accuracy of tho results, apply equally hero. 


atlo ik 
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§ 103. 

3. Lime. • 

a. Solution. 

Seft § 101, r?.— Solution of baryta. Fluoride of calcium is, by moans of 
gulpluu’ic acid, converted into sulphate of lime, and the latter if 

necessary, decomposed by boiling or fusing with an alkaline cailjonato 

(§ 132 ). 

h. Defei'mination. 

Lime is weighed either as sulphate, or as carbonate of lime (§ 7;]). It 
may bo brought into the first Ibrm by evaporation, or ' by pi'ecijiitjitlon ; 
into the latter, by precipitation as oxalate, or at once as carbonate, or by 
ignition. ' 

Small quantities of lime are also occasionally reduced to the caustic 
ifitate, instead of being convcrUnl into carbonate. Lime in the jmre state, 
|or in form of carbonate, may be determined also by the volumetric (alkali- 
Imetric) method. Comp. § 223. 

We may convert into 

1. Sulphate of Lime. 

a. Jlij Precipitation,^ 

All salts of iime with acids soluble in alcohol, provided no otlicr sub- 
stance insoluble in alcohol be pre.scnt. 

h. Bij Evaporation. 

Ah 8,'ilts of lime witli volatile acids, provided no non-volatile body bo 
present. •' 

2. Carroxate of Lime. 

a, Pj/ Precipitation with Carbonate of Ammonia . 

All srilts of lime soluble in waftr. 

Peeeijntation with Oxalate of Ammonia. 

salts of lime soluble in water or in hydrochloric acid without 

exception. 


c. Bif Ljnition. 

^ alts of lime with organic acids. 

Oi these several methods, 2, b ( prod pital ion with oxalate of ammonia) 
|. 'Gone most frequently resorted to. This, and the metliod I, A give 
ito JrT I'osults. The method, 1, u, is usually resorted to only 

elFfio/ fl separation of lime from other b.ases; 2, a, generally onlv to 
togetlier witli other alkaline earths from' the 
Fitl/fi i (‘il^‘'ihne citrates, and met4ipho.sphatos) iiiterfero 

L«f precipitiuits given, these, if present, 

first removed. o > > i 


nation as Sulphate of Lime. 
u. Precipitation. 

^Xces^ solution ot lime in a beaker, with dilute sulplmrio acid in 
twice the volume ofaleoliol; let tlio mixture sUmd twelve 
M i'/mrom/A/// wash the precipitate with .spirit of wine, dry, 

« ho properties of tlio precipitate, sco 


M tnin omjnip w ^ ^ 

(§ f-Iio properties w* ^uA.v;nm«Lu, sou 

89 ^Gsults are very accurate. A direct experiment, No. 67, gave 

instead of 100. 


M 2 
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h. By Evaporation, 

The same method as described § 101, 1, h, 

2. Determination as Carbonate of JAme. 

a. By Precipitation with Carbonate of Ammonia. 

The sjime method as described § 101, 2, a. The precipitate must he 
exposed only to a very gentle red heat, but this must be continued for 
some time. For the properties of the precipitate, see § 7^1. 

This method gives very accurate results, the loss of substance incurred 
being hardly worth mentioning. 

If the solution contains cldoride of ammonium or similar animouiaciil 
salts in considerable proportion, the loss of substmee incurred is far jzrcitor. 
The same is the case if the j)reci])itate is washed with pure instc.td of 
ammoniacal waiter. A direct experiment, No. G8, in which pure water 
was used, gave 09 T 7 instead of lOO parts of lime. 

b. By Prenpitation ivith Oxalate of Ammonia. 

a. The Lime Salt is soluble in Watf}\ 

To the hot solution in a l>caker, add oxalate of ammonia in moderate 
excess, and then ammonia sulKcient to impart an ammoniacal smell to the 
dnid ; cov'cr the glass, and let it stmd in a W'arm jdace until the })reci])itate 
has completely subsided, wdiich will require tw'elvc hours, at least. Pour 
the clear fluid gently and cautiously, so as to leave the precipitati; iitidis- 
turbed, on a filter; wa.sh the precipitate two or three times by decantation 
witli hot waiter ; lastly, transfer the precijiiUite also to the filtcT, by rinsing 
W'ith hot w’atcr, taking care, before the addition of a fresh portion, to wnit 
\mtil the fluid has coinjiletely pa.sscd through the filter. Small particloa 
of the precipitiite, adhering firmly to the gla.sa, are removt'd with a fcatlur. 
If this fails to cfiect their coin[)lcte removal, they should be dis.solvcd in a 
few drops of highly dilute hydrochloric acid, ammonia added to the solution, 
and the oxalate obtained added to the fir.st precipiUite. Deviations from 
the rules laid down here will generally give ri.se to the jiassing of a turbid 
fluid tlirough the filter. After having washml the precipitate, dry it on tlin 
filter in the funnel, and transfer the (Iry jirecipiUite to a iilatinum crucible, 
taking care to remove it as completely as possible from tliij filter; burn the 
filter on a piece of platinum wire, letting the ash drop into tlie hollow ol 
the lid; put the latter, now inverted, on the crucible, so that the filter ash 
may not mix with the jirecipiute; heat at fir.st very gently, tlieii more 
strongly, until the bottom of the crucibh; is luated to very faint rednes!^’ 
Keep it at that tcunperature from ten to fifleen minutes, removing the l‘d 
from time to time. I am accustomeil during this ojieration to move the 
lamp backwards and forwards under the crucible with tlie hand, since, d 
you allow it to stand, the heat may very easily gijt too high, finally 
allow to cool in the desiccator and weigh. After weighing, inoi.stcn the 
contents of tlie crucible, which mu.st be jierfectly white, or barely slio'^’ 
tlie least tinge of gray, witli a little water, and test this after a time witl' 
a minute slip of turmeric paper. Should the pajier turn brown *— h 
that the heat applied was too strong — rinse off the fluid adhering to 
paper with a little water into the crucible, throw in a small lump of 
coirbonate of ammonia, evajioratc to dryness (best in the water-bath)’ 
to very faint redness, and weigh the re.siduc. If the weight has incrensco 
repeat the same operation until the weight remains constant. This inctho^ 
gives nearly absolutely accurate results; and if the application of font 
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properly managed, there is no need of the tedious evaporation with car- 
bonate of ammonia. A direct experiment, No. G9, gave 90-90 instead 

of 100. 

For the properties of tlie precipitate and residue, see § 7.3. 

If the quantity of oxalate of lime obtained is only very trifling, I j)refer 
to convert it into caustic lime or into the sulphate. To effect the former, 
the oxalate of lime is heated to intenscj redness, in a small platinum crucible^ 
over a gas blowpipe -flame for some time. The conversion of the oxalate 
into sulphate is clfccted most conveniently by Sciihotteii’s method viz, 
ignition with pure sulpliate of ammonia. ’ ’ 

M.'iny chemists prefer collecting the oxalate of lime upon a weighed 
filter, and drying at 100^. Thus obuiined it consists of 2 Ca O, + 2 aq. 
This method, besides being more tedious, gives less accura'te* results 
than that based on the conversion of the ox;ilate into the carbonate. The 
direct experiment, No. 70, gave 100*45 in.stead of 100. 

Instead of weighing the oxahite of lime as such, or in form of carbonate, 
(tc., the quantity of lime jiresent in tlie sjilt may bo determined also by 
two dilTerent volumetric methods. 

a. Ignite the oxalate, converting it thus into a mixture of carbonate 
and caustic lime, and determine the quantity of the lime by the alkali- 
metric method described in § 223 ; or, 

b. Determine the oxalic acid in the well-washed but still moist oxalate 
ofhme by means of permanganate of potassii (§ 137), and reckon for each 
equivalent of bibasic oxalic acid 2 equivalents of lime (Hempkl). 

With proj)cr care, both these volumetric methods give as accurate 
results as those obtained by weighing. (Comp. Exjit. No. 71.) They 
deserve to be recommended more j)articularly in ca.ses where an entire 
senes of quantititivc estimations of lime has to he made. Under certain 
circumstances it may also prene advantageous to precijhtite the lime with 
11 measured quantity of a standard solution of oxalic acid or (piadroxalato 
ol ]»otassa, filter, and determine the excess of oxalic acid in the filtrate. 
(Kkaut.*) 

/k Ike J^alt is insohihle in Water. 

Dissolve the salt in dilute hydrochloric acid. If the acid combined 
witUhelinie is of a nature to escape in this operation (c.y., carbonic 
Cl ), or to admit of its .separation by evaporation (c.^., silicic acid), pro- 
ceed after the removal of the acid, as directed in a. But if the acid cannot 
1)0 readily got rid of(c.^., phosphoric acid), jiroceed as follows: add 
jnmoma until a precipitate begins to form, re-dissolve this with a drop 
q drochloric acid, add oxalate of ammonia in excess, and finally acetate 
tihe precipitate to subside, and proceed for the remainder 
le operation as directed in a. In this process the free hydrochloric 
licet' combines with the ammonia and soda of the oxalate and 

in 1 ^ corresponding quantity of oxalic acid and acetic acid, 

ucli acids oxalate of lime is nearly insoluble. The method yields 
^trute results. A direct experiment, No. 72, gave 99*78 instead of 100. 

c. By Ignition. 

tiiain’^ method as described § 101, 2, h (baryta). Tlio residue re- 
ig evaporation with carbonate of ammonia (which oj)cration it 

perforin twice) must bo ignited very gently. The remarks 
® m § 101, 2, in reference to the accuracy of the results, apply 

* Chem. Centralblatt, 185 «, 316 . 
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[§ 101 , 

equally here. By way of control, the carbonate of lime may be conv( rtei: 
into tlie caustic state or into sulphate of lime (see a), or it nmy 
determined alkalimetrically (§ 22il). 


§ 104. 

4. Magnesia. 

a. Solution. 

Many of the compounds of magnesia are soluble in water ; those wliitli 
are insolulde in that menstruum dissolve in hydrochloric acid, with the 
exception of some silicates and aluminates. 
h. Detennination. 

M agnosia is weighed (§ 74) either as sulphate or as piirophosphntc^ox 
pure m(i(jnesia. In the ])ure state, or in form of carbonate, it ivia)' be 
determined also by the alkalinietric method described in § 223. 

We may convert into 

1. Sulphate of Magnesia. 

a. Directly. b. Indirectly. 

All compounds of magnesia with All com])ounds of magnesia so- 
Tolatile aci<ls, provided no other lublo in watc’r, and also tliose 
non-volatile substance be present. which, insoluble in that menstruuin, 

dissolve in hydrochloric acid, \vilh 
se[aration of' their acid ([)rovidc(l 
no ammoniacal salts be present). 

2. Pyrophosphate of Magnesia. 

All compounds of magnesia without exception. 

3. ]*uitK Magnesia. 

a. Salts of magnesia with organic acids, or with readily volatile in- 
organic. oxygen acid.s. 

b. (Ihloride of magnesium, and the comj)ounds of magne.sia convertible 
into that salt. 

The direct determination as suljdiate of magnesia is highly reeoin* 
mended in all cases where it is applicable. The indirect conversion into 
the sulphate serves only in the ca.se of certtiin separations, and is hardly 
ever had recourse to where it can possibly be avoided. The determination 
as pyrophosphate is most generally resorted to ; es])ecially also in the .sopa- 
ration of magnesia from other ba.ses. The method ba.sed on the (jonversion 
of chloride of magnesium into pure magnesia is usually resorted to only 
effect the separation of magnesia from the fixed alkalies. Coinpouiuli^ 
magnesia with phosphoric acid are analysed as § 134 directs. 

1. Determination a.s Sulphate of Magnesia. 

a. Direct Determination. 

Add to the fiolution excess of pure dilute suljdiuric acid, evaporate 
drync8.s, in a weighed platinum dish, on the water bath ; then heat at 
cautiously, aflerwards, with tlio cover on more strongly — hero it 
advisable to place the lamp so that the flame may play obliqudy on t 
cover from above — until the excess of sulphuric acid is couipk^J^ 
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expelled; lastly, ignite gently over tlie lump for some time; allow to cool, 
and wcigli. Should no liimes of hydrated suljdiuric acid escape uj)oii the 
application of a stronglsh heat, this may be looked upon as a sure sign that 
the sidj)huric acid Inis not been added in sullicient quantity, in which case, 
!after allowing to cool, a fresh portion oi‘ suliduiric acid is addcMl. Tlie 
jnicthod yields very accurate results. Care must l)e taken not to use a very 
;largc excess of sulphuric acid, d'he residue must be exposed to a moderate 
|rc(i h(3at only, and weighed rapidly. For the properties of the residue, 
isce § 71. 

j h. Indirect Determination. 

t Tlie solution of magnesia is heated, in a flask, to 100°, and clear satu- 
rated baryta water added in excess; the temperature is maintained near 
the boiling point for some time; the fluid is then liltered off from the pre- 
cipitate, and the latter thoroughly washed with boiling water, and sub- 
seriueiitly dissolved upon the filon*, with somewhat dilute warm hydro- 
cliloric acid ; the filtcT is carefully washed, and the further operation 
conducted as directed in a. Should a precipitate of sulphate of baryta 
form Uiion the addition of the sulphuric acid, this may be considered a 
sign that the carbonic acid of the air has not been sulliciontly excluded 
from contiict with the baryhi water during the o])eration. In that case, 
we may cither allow this precipitate to subside, filter, and evaiiorate the 
filtrate; or we may evajiorate at once, weigh the residue, dissolve in water 
containing hydrocliloric acid, filter the solution off from the undissolved 
sulphate ofliaryta, ascerbdn tlie Widght of the latter (§ lOJ, 1, a), and 
subtract this from the original residue. 

Ihe results obtained by this method fall .somewhat short of 100, since 
lydratcd magnesia is not quite insoluble in water. T'he method is, more- 
over, rather too complicated to yield perfectly accurate results. 


2 . Iktermination an Pt/rophosjdiaie <>/ Mat/nesia. 

fhe solution of the s<ilt of magnesia is mixed, in a beaker, with 
chloride of ainmonium, and ammonia added in slight excess. Should 
a precipitiite form upon the addition of ammonia, this may be considered 
^ Siign that a sulKcient amount of’ chloride of ammonium has not been 
iise( , fresh amount of that s;dt must conse<piently be added, sufficient to 
fct the re-solution of the precipitate formed. The clear fluid is then 
»uxe With a solution of ])hos}>hate of soda in exce.ss, and the mi.xtur* 
taking care to avoid touching the sides of the beaker with the 
cirimg-i.od5 otherwise j)articl(“s nf the precipitate are aj)t to adhere so 
to the rubbed parts of the beaker, that it will be fouml diflicnlt to 
ctnove them ; the beaker is then eov(*red, and allowed to stand at rest liir 
^J|evG liours, without warming; after tliat time the fluid is filtered, and 
out collected on the filter, the la.st particles of it being rinsed 

vli ^ I ginss with a jiortioii of tlie filtrate, with the aitl oi‘ a feather; 
^'ill^ ^ com ])letely passed through, the preeijiinite is washed 
O 'JB ^ cl d parts of water, and 1 part of solution of ammonia of 

T* gt., tlie operation being continued until a few droj^s of the fluid 

Itr thrmi.rl. fU.. UU : 1 .. -.I • - 11 . 1 . 


isilv' niixed witli nitric acid and a drop of nitrate of 

or show only a very slight oj)ale.seenee. 


tiiu ^ precipitate is now tliorouglily dried, and then transferred to a pla- 
liDiri (5 '^^*0 5 latter, with the lid on, is exposed for some 

0 a very gentle heat, which is finally incre-tised to intense redness. 
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The filter, as clean as practicable, is incinerated in a spiral of platiin]]), 
Avire, and the ash transferred to the crucible, which is then once mort 
exposed to a red heat, allow'ed to cool, and weighed. 

For the properties of the precipitate and residue, see § 74. 

This method, if properly executed, yields most accurate results. Th 
precipitate must be washed completely, but not over-washed, and tlit 
washing water must always contiiin the rccpiisite quantity of amnionia. 

Direct experiments, No. 76, a and 6, gave respectively lOO lo and 
100'30 instead of 100. 

6. Determination as pare }faf]nes{a. 

a. In Salts of Magnesia with Organic or Volatile Inorganic Acuh, 

The sjilt of magnesia is gently heated in a covered jdatiniim erucible, 
increasing the temperature gradually, until no more fumes esi*a|)e ; tlio lii,! 
is then remoA'cd, and the crucibh^ place<l in an oblique j)osition, witli ilic 
lid leaning against it. A red heat is now a])])lied, until the residin' 
perfectly AN’hite. For the ])roj>erties ot'the residue, see § 74. The iiu tlioi! 
gives the more accurate results the more slowly the salt is heated i’roiii tlic 
beginning. Some loss of substance is usually sustained, owing to traces ol 
the salt being carried off with the empyreumatic products. Salts of iiiiifr- 
nesia Avith readily volatile oxygen acids (carbonic acid, nitric acid), may 
be transformed into magnesia in a .similar way, liy simple ignition. Even 
sulphate of magnesia loses the Avhole of its .suljdmric acid when cxposcil, 
in a platinum crucible, t<> the heat of the gas blowpipe-flame (Sonnln- 
scitKiN). As regards small quantities of sulphate of magnesia, 1 can fully 
confirm this statement. 

Ij. Conversion of Chloride of Magnesium into joire Magnesia. 

The concentrated solution of chloride of magnesium is mixi'd in a por- 
celain crucible, witli pure oxido of mercury (shaken u|) with water, P '''l)i 
in proportion more than suffi(dent to convert by its oxygen the wli'^lo ol 
the magnesium present into magnesiji. The mixture is evaporated eii the 
water-bath, and the residue thoroughly dried ; the crucihle is now 
covered, and exposed to a red heat, until the chloride of mercury lormel 
is expelled, together Avith the excess of oxide of mercury. The opomtor 
should carefully guard against inhaling the fumes evolved. The rosiduc 
of mjigncsia is either weighed at once in the crucible, or if the o|H'ratioii 
had for its object the stiparation of the earth from the alkalies, it i® 
collected upon a filter, Ava.shed Avith hot Avater, dried, and ignited (§ '*'')• 
Compare .also § Ih.*!, 15 , 4 (17~21)) Avhero .some other methoils are 
to effect the sfimo pur|x>se, which are often more convenient for scparatmii^ 


TIIIKI) OUOUP OF THE BASES. 

ALUMINA — SESQUIOXIDE OF CHROMIUM — (TITANIC ACId). 

§ 105. 

1. Alumina. 

a. Solution. 

Those of the compounds of alumina Avhich arc insoluble in 
dissolve, for the most j>art, in hydrochloric acid. Native crystallize^ 
alumina (sapphire, ruby, coruudum, &c.), and many native aluiniiw coW' 
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pountls, and also artificially produced aliunina after intense iniiition 
require fusing with carbonate of soda, caustic potassa, or hydrate oflmryta* 
as a preliminary step to their solution in hydrochloric acid. Many alimmia 
compounds which resist the action of concentrated hydrochloric acid may 
be decomposed by protracted heating with moderately concentrated sul 
phuric acid, or by fusion with bisulphate of potassa ; c.y., common clay. 

1. Determination. 

Alumina is iiivariiil)ly weighed in the pure state (§ 75). TIic .several 
coiiiiMiitids of alumina are converted into pure alumina, either by iireciiii- 
tationas hydrate ot alumina, and subsequent ignition, or by simple iunition 
Precipitation as basic acetate or basic Ibrmiate is resorted to only in casci 

of separation. 

We may convert into 

rURE ALUMINA. 

«. /}// Precipitation. i. By Heating or Ignition. 

AI compounds ol alumina soluble «. Allsaltsofaluminawitlireadily 
iinvater, and those w iicb m.solnblo volatile acids {e.g., nitrate of ulu- 
111 that menstruum, dissolve in hy- mina). 

iTr'lcfr ^01 salts of alumina with or- 

ganic acids. 

With regard to the method u, it must be remembered that tlie solution 
n ist contain no organic substances, which would interfere with the prcci- 

rated in^ I - ‘ carbonate ot soda and nitrate of jiomssa, evajio- 

water dish, the residue fused, then softened with 

sc'hition filt* ‘".T' 'i"i‘‘ lo-'l'-O'-'liloric acid, and the 

TI ‘ifid then, hut not before, precipitated. 

fixei/luw^ ‘‘‘PpP^"d>P‘ only in eases whore no other 

P^’o.sent. The methods of estimating alumina in its 
found ill 7r^ ‘ P ‘^^''^pPonc, boracic, silieic, and chromic acids, will be 
‘ l-irt II. ol this .Section, under the heads of these several acids. 

determination as pure Alumina. 
fl. Z?y Precipitation. 

solution of alumina, in a beaker or dish, 
already Tirn d^^ntity ol chloride of ammonium, if that sidt is not 
ceases to ‘r»nmonia sliyhthf in excess, boil gently till the steam 

**^l>eriiafint to .^;ettle ; then decant the clear 

boilin taking care not to disturb the precijiitate ; 

®ol)side <1 l-Pc hitter in the beaker, stir, let the ])reci])itate 

‘‘'second 7^7 repeat this operation of washing by decantation 

wasln’r ^ third time ; transfer the precipitate now to the filter, finish 
^^>0 heit Polling water, dry thoronglily, ignite (§ i)2), and weigli. 

hovered ‘‘^Peiild bo very gentle at first, and the crncildo kept xvell 

trt 1 Jigainst the risk of loss of substance from spirting, which ia 
^^Hndnf ff MTrehendcd it tlio precipitate is not ihorou</h/f/ dry; towards 
^ of 7 7 should be raised to intense redness. In the 

PWicioH • alumina tlie foregoing process is apt to leave some sul- 

mnov 1 ^*^ Cl which, of course, vitiates the result. To insure 

ot tins sulphuric acid, tlie iirecipitato should be exposed for 
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5—10 min. to tlie heat of the gas T3lo\vpipe flame. If there are difricultiiK 
pi tlie way, preventing this proceeding, tlie prccipiPiP', eitlier simply 
washed or moderately ignited, must be re-dissolved in liydrodiloiic ;irij 
(which requires protracted warming with strong acid), and tlioa pre- 
cipipitcd again with ammonia; or the sulpliate must first be converud 
into nitrate by decomposing it with nitrate of lead, addetl in verj sliiy], 
excess, the cx('css of lead removed by means of hydrosulpliuric aeii], aia 
the furtlier process conducted according to the directions ol‘ a or b. poj 
the properties of hydrate of alumina and ignited alumina, see § 75. Tlio 
method, if properly executed, gives very accurate results. But il* a con- 
siderable excess of ammonia is used, more particularly in the nbsmicenf 
ammoniacal salts, and the Ii(piid is filtered without boiling or long stmid- 
ing 111 a warm place to remove the ammonia, no trilling loss may be 
incurred. Tliis loss is the greater, the more dilute the solution, and the 
larger the excess of ammonia. The precijiitatc cannot be well sutliciciitly 
washed on the filter on account of its gelatinous nature ; on tlie other liaiid, 
if It bo entirely washed by decantation, a very large (piantity of wadi- 
water must be used, hence it is advisable to combine the two metliods, as 
directed. 


h. Jit/ It/ nit ion, 

a. Compounds of Alumina loith Vidatile Adds. 

Ignite the salt (or the residue of the evaporated solution) in a platiiiiira 
crucible, gently' .at first, then gradually to the very highest degree ofiii- 
tensity, until the weight remains constant. For tlie pro]>ertiiis of tlic 
residue, see § 75. Its purity must be carefully tested. There areuo 
sources of error. ^ 

/3. Compounds of Alumina with Organic Adds. 

The siime method as described § 104, 3, a (Magnesia). 


§ lOG. 

2. SkSQUIO.XIDK of CHKOMIU>r. 

(I. Solution. 

Many^ of the compounds of se.squioxidc of chromium are soluble in 
water. J lie hydrated ses<|uioxide, and most of the stilts insoluble in waUb 
dissolve in hydrochloric acid. Ignition rmiders sesipjioxide of ehromunn 
and many of its stilts insoluble in acids; this insoluble modilication 
be jirepared for solution in hydrocliloric acid, liy lusing with 3 or 4 
ofpotassa. A small quantity is converted, in the j)rocess of fusing, 
chromic acid, by the Jiction of the air ; this is, however, reduced again w 
sesrjuioxide upon heating with hydrochloric acid. Achlition of 
greatly jirornotes the reduction. Instead of this fusing with potassib 
frequently prefer to adopt a treatment, whereby the 8e.squioxide is at 
oxidized and converted into an alkaline chromate (sec 2). For the solu- 
tion of^chrornic iron, see § IGU. 

h. J)eteinni nation. . 

Sestpiioxidc of chromium is always, when directly determined, wcigl*^ 
in the pure state. It is brought into tliis form either by precijiitabnu^ 
liydrate and ignition, or by simple ignition. It may, however, also 
estimated, by conversion into chromic acid, and determination as sueb. 
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We may convert into 

1. Pure Sesquioxide of Chromium. 


a. By Precipitation. 

All compounds of sesquioxide of 
Chromium soluble in water, and also 
;tliose which, insoluble in that men- 
struum, dissolve in hydrochloric 
acid, with sejiaration of tlieir acid. 
Provided always that no ort^aiiic 
Bubstiinccs (such as tartaric acid, 
oxalic acid, Ac.) which interfere 
with the precipitation be present. 


h. By Ignition. 

a. All siilts of sesquioxide of 
chromium with volatile oxyj^mn 
acids, jirovidcd no non-volatile sub- 
stances be present. 

/j. Salts of .sescpiioxide of cliro- 
mium with organic ucid.s. 


2. Chromic acid, or, more correctly speaking, alkaline chromate. 
Sesquioxide of chromium and all its salts. 

The methods of analysing the combinations of the sesquioxide of chro- 
mium with chromic acid, phosjdioric acid, lioracic acid, and silicic acid, 
will be found in Part II. of this Section, under tlie lieads of these several 

acidri. 


1. Determination as Sesgnioxide of Chrominm. 
a. By Preripitation. 

The solution, which must not l>e too highly concentrated, is heated to 
100° ill a beaker. Ammonia is then added slightly in excess, and the 
mixture exjiosed to a temjierature ajqiroaching boiling, until the tluid over 
the precipitate is perfectly colorles.s, presenting no longtT the least shade 
of red; let the solid particles subside, w’ash three times by decantation, 
and lastly on the filter, with hot water, dry thoroughly, and ignite (§ 52). 
Ihc lieat in tlic latter jirocess must be increased gradually, and the cruciblo 
hq)t covered, otherwise some loss of .sulislanco is likely to arise from 
spirting upon the incandescence of the sesipiioxide of eliromiiim which 
Jniirks the passing of the .solid )le into the insoluhle modiheation. For the 
pi’opcrties of the |)recii)itate and residue, see § Th. This method, if pro- 
perly executed, gives very accurate results. 


b. By Ignition. 

i>aJts of Scsquio.THle of Chromium with VoiatUe Acids. 
fhe same method as described, § Ido, a (Alumina). 

of Sesquioxide of Chromium with Organic Acids. 

10 same method as described § lO l, 3, a (Magnesia). 

2- Conversion of Sesquioxide of Chromium into Chromic Acid. 

(J’or the estimation of chromic acid, see § IdO.) 

^Ii0 following methods liavo boeu proposed with this view ; — 

Ihe solution of the salt of sesquioxide of chromium is mixd® with 
potassu or soda in excess, until the hydrateil sesquioxide, which 
lu!r redissolved. Chlorine gas is then conducted into tlie cold 

it acquires a yellowish-red tint; it is then mixed with jmtassa 
^‘"icess, and the mixture evajiorated to dryness; tlie residue is 
‘odaU crucible. The whole of the chlorate of ^taasa (or 

0niied is decomposed by this process, and the residue consists, there- 
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fore, now of an alkaline chromate and chloride of potassium (or sodium).-, 
(VOHL.) 

h. Hydrate of potassa is heated in a silver crucible to calm fusion; tin 
heat is then somewhat moderated, and the perfectly dry compound of sts- 
quioxidc of chromium ])rojectcd into the crucible. When the ses(|uio\l(l^ 
of chromium is thoroughly moistened with the potaswi, small liuiijis nf 
fused chlorate of potassii arc added. A lively cflervesccnce ensiios, iiom 
the escape of oxygen ; at the «uno time the mass acrpiires a more and 
more yellow color, and finally Ijecomes clear and transparent, lioss oi 
substance must be carefully guarded against (11. Schwarz). 

c. Dissolve the .sesquioxidc of chromium in solution of potassa or .soda, 
add binoxidc of lead in snfKeient exces.s, and warm. The yollow llniii 
produced contains all the chromium as chromate of lead in alkaline solution, 
Filter from the excess of binoxide of lead, add to the liltrate acetic acid to 
acid reaction, and determine the weight of the precipitated chruiuate of 
lead (G. Chancel*). 

§ 107. 

Supplement to the Third Group. 

Titanic Acid. 

Titanic acid is always weighed in the pure state ; its separation is 
cfTectcd either by precij)itition with an alkali or by boiling its diluto 
acid solution. Jn preripitatimf acid solutions of titinic acid aiiinuiniii 
is employed; tike care to add the precif)ititing agent only in di^dit 
excess, let tlie preci])itate formed, which resembles hydrate ol‘ alumina, 
deposit, wa.sh, first by decantition, then completely on the tiltcr, dry, and 
ignite (§ 62). If the .solution contiined suljduiric acid, put soiiio oar- 
bonate of ammonia into the crucible, after the first ignition, to secure tlio 
removal of every remaining trace of that acid. J.ose no time in wciplunj 
the ignited titanic acid, as it is slightly hygroscojdc. If we have titanic 
acid dissolved in .sulphuric acid, as for instance occurs when we ln^c 
with bisnlphate of* j>ota.ssa and treat the mu.ss with cold wati r, wc mii}) 
by largely diluting, and long tioiling, with renewal of the evajHjratnii; 
water, fully (?'|') precipitate the titanic atdd. Thus separated, it is lasy to 
wa.sh. In the process of igniting the dried precipitate, .some carhoiialo d 
ammonia is added. From dilute hydrochloric, acid solutions of tilanir non , 
the latter separates completely only upon evajiorating the fluid (n dryness, 
and if the jirecipitiitc in that case were washed with jmro water, then' 
trate would be milky ; acid must, therefore, ])e added to the water. 

Hydrate of titanic acid precipitatAjd in tlie cold, washed with cold \nitor, 
and dried without elevation of temperature, is completely soluble 
chloric acid ; otherwise it di8.solves only incomjjletely in that acid. I 
acid thrown down from dilute acid solutions by boiling, is not 
dilut<4lcid8. Ignited titanic acid does not dissolve even in coiioculi‘^ 
hydrochloric acid, but it does di.ssolvo by long heating with tolerably 
centrated sulphuric acid. Tlie easiest way of effecting its solution 
fuse it for some time with bisnlphate of potassa, and treat the fua*^' 
with a large quantity of cold water. Upon fusing with carbonate of 
titanato of soda is formed, which, when treated with water, leaves 

* Comp. rend. 43, 927. t KHey, Journ. of Chem. Soc. 15, 3lh 
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^itonate of soda, wlilcli is soluble in hydrochloric acid. Titanic acid 
(Ti OJ consists of 00*98 per cent, of titoniuni, and 3 9 02 per cent, of 
hxygen. 

FOURTH GROUP OF THE BASES. 

iOxioE OF Zinc — Protoxide of Manganese — Protoxide of Nickel 

Protoxide of Cohalt — Protoxide of Iron — Sesquioxide of Iron 

(Sesquioxide of Uranium). 

§ 108. 

1. Oxide of Zinc. 

a. Solution. 

Many of the salts of zinc are soluble in water. Metallic zinc, oxide of 
zinc, and the salts, which are insoluble in water, dissolve in hydrochloric 
acid. To dissolve sulphide of zinc it is be.st to employ nitric acid or aqua 
regia. ^ 

h. Determination, 

Zinc is weighed either jis o.rlih or as sulphkle (§ 77). The conversion 
W the siilts of zinc into tlic o.xide is ejected eitlier by precipitation .as 
liasic larhonato or sulphide of zinc, or hy ilirect ignition. Besides these 
gravimetric nietlioda, several volumetric methods are in use. 

We may convert into 

1. Oxide of Zinc. 


Ik Ihf Precipitation as Sulphide 
o f Zinc. 

All compounds of zinc without 
exception. 


a. B(j Precipitation as Carbonate 
of Zinc. 

All the salts of zinc which are 
Boluble in water, and all tlio.se with 
organic volatile acids; also tho.so 
Balts of zinc which, in.soluble in 
^ater, di.ssolve in hydrochloric acid, 

Vitli separation of their acid. 

('> By direct lunition. 

; 8.ilts of zinc with volatile inorganic oxygen acids. 

2. Sulphide of Zinc. 

All compounds of zinc without exception. 

i|Uf«tlv'ocn,‘"'!d’ ^ I’c recoiiinieiuled only, .^s r.-'garda the more fre. 
5'Iiernethn/^*i"^ ^ of zinc, for the carbonate and the nitrate. 

inadmiS’l ’ ’ ''''' ^ ^ 

from other sojiarate oxide of zinc 

itjto the nv* ^ ol Zinc with organic acids cannot be converted 
mdvol aJr'^ process would cause the reduction 

zine ^ ^ small portion of the metal. If the acids are volatile, 

'ontrarv according to method 1 , 0 : if, on the 

the^* non-volatile, the zinc is best prei’ipitated as sulphide. 

^ the l)hos])liate, borate, and silicate of zinc, look 

acids. The volumetric methods are chielly employed for 
^ purjxises ; see Special Part. 

’• ^rterminatioH as Oxide of Zinc. 

C<‘>'bonate of Zinc. 

I 10 moderately dilute- solution nearly to boiling in a capacious 
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vessel, best in a platinum disli ; add, drop by drop, carbonate of sorla in 
excess; boil a few minutes; allow to subside, decant through a filter, and 
boil the precipiUite three times with water, decanting each tiiiu;; tlifn 
transfer the precipitate to the filter, wash completely with hot wat( r, dn- 
and ignite as directed § 5.‘1, taking care to have the filter as clean as jirnr. 
ticable, before proceeding to incinerate it. Should the solution contain 
ammoniacal salts, the ehiillition must be continued until, upon a ludi 
addition of the carbonate of soda, the escaping vapor no longer imparts a 
brown tint to turmeric paper. 11’ the (puiMtity of ammoniacal salts jiicsmt 
is considerable, tlic fluid must be evaporated hoUiurj to drynoss. It is, 
therefore, in such ciises more convenient to precipitate the zinc as siilphiile 

(see h). . /> • 

The presence of a great cxce.ss of acid in the solut ion of zinc inrist l)o:is 
much as possible guarded against, that the cirervesccnce from the esc, aping 
carbonic; acid gas may not he too imjietuous. Tlio filtrate must always he 
tested with sulpliidc (with addition of chloride) of ammonium to ascdtaln 
whether the whole of the zinc has been |>n‘cipitatcd ; a ]»i’c(‘ipitatc 

will indeed inniria/jli/ iorm upon th(‘ application of this test ; hiit.il’tk 
process has been properly conducted, this is so insignificant that it may be 
altogether disregarded, being limited to some cxeeiuliiigly slight aial im- 
pond(;rable flakes, which moreover make their appearanee only alh-r many 
hours’ standing. If the; pn'cipitatii is more considerable, however, it must 
1)0 treated as directed in h, and the weight of the oxide of zini' ()l)taiiid 
added to that resulting from the first jirocess. For the properties et tlic 
precipitate and residue, see § 77. This method yields pretty acmiiatc 
results, though they are in most cases a little too low, as tlic preeipitatinii li 
never ahsolufclif complete, and as particles of tlie j)recipitate will ahvayi 
and unavoi(lal)iy adlicro to tlie filter, wliieli exposes them to tlie cliaiicco 
reduction and volatilization during the jiroeess of ignition. On the ethc 
hand, the results are someibues too high ; tliis is owing to (hfi'etivc washing 
as may be scon from tlie alkaline nnetion which the residue nianilc^Y’ 
such cas(!S. It is advisable also to ascertain wliether the residue will dis-^’h' 
in by drochloric acid without leaving silicic acid; this latter iircraiitioij ’ 
indispensable in cases where ibc precipitation has been eflbctod in a 
vessel. 


b. Jhf Precipitation as Sulphide of Zinc. 

]\Iix the solution, contained in a not too largo flask and 
diluted, with chlori<le of ammonium, then add ammonia, till the rcaiti" 
is just alkaline, and tlicn colorle.ss or slightly yellow sulphido of aMini""'^J 
ill moderate exces.s. If the flask is not now (piite full uj) to the neck, 
it so with water, cork, allow to stiiiid 12 to 24 hours in a warm ^ 
wash the jirecipitfite, if considerable, first by dceaiitation, then on tlu; ^ 
with water containing sulpliido of ammonium and also less and less c h 
of ammonium (finally none). In decanting do hot pour the fluid imu 
the filter, but at once into a flask. Afler tlirico decanting, filter 
that was poured off, and then transfer the jirccipitnte to the 
the washing as directed. The funnel is kept covered with a 
If die zinc is not to be determined according to 2, then jmt the ^ 
with the precipitate in a beaker, and ponr over it moderately dilu c 
chloric acid slightly in excess. Put the glass now in a warm p 
the solution smells no longer of sulphuretted hydrogen ; dilute 
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with .1 littio water, filter, wash the original filter with hot water and 
prooeeil with the solution of chloride of zinc obtained as directed in a 

From a solution of acetate of zinc the metal may be iirceinitati'd com 
.plctely, or nearly so, with .sulidiurettcd hydrogen gas, even in presence of 
an excess of acetic acid, provided always no other acid be present (h int 
No. 74). Tlie precipitated sulphide of zinc is washed with water impre.r' 
natal with sulphuretted hydrogen, and, for the rest, treated exactly like 
tlie sulphide of zinc obtained by precipita tion with sulphide ofamnionium 

Small fpiantities of sulphide of zinc may also be converted directly into 
the oxide, by heating in an open j.lalinum crucible, to gentle redness at 
first, then, aller aoine time, to most intense redness. 

c. Bu direct Ttjnition. 

The sidt is exposed, in a covered platinum crucible, first to a ^cntle 
heat, finally to a most intense heat, until the weight of the residue remains 
constant. Tlie action of reducing gase.s i.s to he avoided. 

2. Determination ux Sulphide, of Zinc. 

I The precipitated sulphide of zinc, obtained as in 1, h, may be ignited in 
hydyn and weighed. H. l!o.si:,« ,vho has la^dy rccommiided the pro- 
|ca8S, employs the followiiig apjiaratus. ^ 



Fig. 61 . 

PoLkin'T'' sulphuric acid, b, chloride of calcium. The 

'“iKiiiinir of wK i”..’”” ? I’®’’'*”'''*'!'! porcelain or platinum cover, into the 
ffovidd will *i‘" or platinum tube, d. The latter is 

'Wfevtnni ' ’V."”'''**' projection which rests on the cover, the tube 

dried in .r'c? crucible. 4\n,cn (he .sulphide of zinc 

*''6 filter ash i. 1 i"i’ ‘“'■'■•'‘''“'■“'•‘■“I to •■'>0 weighed porcelain crucible, 
a added, 2>owdercd sulplmr is sjirinkled over the contents of 

* Pogg. Annal. 110, 128. 
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tlic crucible, the cover is placed on, and liydrogen is passed in a inocleratr 
stream, a gentle heat is applied at first, which is afterwards raised to 
intense redness ; finally the crucible is allowed to cool with continued trails 
mission of the gas, and the sulphide of zinc is weighed. 

Instead of the above apparatus, which is not at every analyst’s disposal, 
the following (fig. 62) may be employed ; the first, however, is more lun. 
veiiient, as the current can be regulated. 



Oesten’s experiments, which were adduced by Kose in su])p()rtol tlic 
accuracy of this method, were liighly sjitislactory. 

Suljdiate, carI)onate, and oxid(! of zinc may lx? converted into sulphidt in 
the manner just descrilied. They must, however, be mixed with an excels 
of powdered sulphur, otherwise you will lose some zinc from the redining 
action of the hydrogen (li. Rose). 


§ 101). 


2. PUOTOXIDE OF MaNCiANESE. 


a. Sohitwn. ^ , 

Many of the sjilts of protoxide of manganese are soluble in water. 1 1*' 
pure protoxide, and those of its salts which are insoluble in that inoi]- 
striiiin^ dissolve in hydrochloric achl, which dissolves also tin; liir''^'’’ 
oxides of manganese. The solution of the higher oxides is attended 'Oti 
evolution of chlorine — ecpiivalent in <piantity to the amount of nx\^ 
which the oxide under examination contains, more than the protoxide 
manganese — and the fluid, after application of lieat, is found to contdii 
protochloride of manganese. 


h. Detennination. 

Manganese is weighed either a.s protos^esqnioxide^ as ^vlphvh’^ 'j 
protosulphate (§78). Into the form of iirotosesqiiioxiile it 
eitlu^r by precipitation as carbonate of jirotoxide, or as hydrated 
oxide, sometimes preceded by preeipitiition as sul})liide of manganese, 
binoxide of manganese ; or, finally, by direct ignition. 

Manganese may be determined volumetrically in two different way^,^ 
being applicable to any solution of protoxide of manganese, 
free from any other suKstanco which exerts a reducing action on a 
solution of ferricyanide of potossium, the other being only ijc 

when we have mangane.so in the condition of a perfectly deli nite j 
oxide, and free from other bodies, which ovplve chlorine on boi nio 
hydrochloric acid. 
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PROTOXTDK OP MANGANESE. 


■We may convert into 

1. Protosesquioxidk of Manganese. 


a. /?// Prmpitation as Carbonate 
)f Protoxide of ^fanffanese. 

All the soluhle salts of inanga- 
jose with inorganic acids, and all 
Its salts with volatile organic acids ; 

I so those of its siilts wliich, in- 
)lnblc in water, dissolve in hydro- 
iloric acid witli separation of their 
hd. 

(\ B}/ Precipitation as Sulphide of 
lawpinese. 

All compounds of manganese 
dtliout exception. 


c. By direct Tynition. 

All oxygen compounds of man- 
janose; salts of manganese wdtli 
feadily volatile acids, and with 
)iganic acids. 


h. By Precipitation as Ifydrated 
Protoxide of Manfjancse. 

All the compounds of manganese, 
witli the exception of its salts with 
non-volatile organic acids. 


d. By Separation as Binoxide of 
Manyanese. 

All compounds of manganese in 
a slightly acid solution, especially 
acetJite and nitrate of protoxide of 
manganese. 


2. Siu.rriinE of Manganese. 

All compounds of manganese w'ithout exco])tion. 

3. Sulphate of Protoxide of Manganese. 

All the o.vides of manganese, ami likewise all its salts 
with volatile acids, provideil no non-volatile substance be 
present. 

The method 1, c, is simple .and accurate, Imt seldom admissible. The 
nethod 1, n, is the mo.st u.'^iially eiiijdoyed ; if one’s choice is free, it is to 
Jircfcrred to 1, h. The methods I, c, and 2, we generally used, wdien the 
iif^thods 1,G, or cannot bo adopted — say on account of the presence of a 
joti-volatile organic substamm, and also when we have to separate manganese 
rom other metiils. The latter object may be attained also by the method 
I d. Tile process 3, is sometimes convenient, but it yields only aj)proxi- 
tative results. Tlie phosidate and borate of manganese are treated, 
iitlier according to the method 1, as the salts preeipitated from acid 
‘^^hition by potassa are completely de<!ompo.sed upon boiling with excess ot 
or according to the method 2. Tn silicates the niang.Tnose is 
‘^Tiiiined after the separation of the silicic acid (§ l according to 
Ihr the tanalysis of chromate of protoxide of mangane.se, see § 130 
'^^romic acid). The volumetric method by reduction of ferricyanide of 
^l^'issiiim is comparatively now, and especially suited for technical work, 

I yvliich the highest degree of accuracy is not required. The estimation 
^anganese from the quantity of chh)rine di.scngaged ujx>n boiling the 
^8 with hydrochloric acid, is resorted to, more particularly, to deter- 
the degrees of oxidatioi^of manganese, and jxjrmits also the estima'* 
^ manganese in presence of other metals, (see Section V .) 
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1. Determination as Protosesquioxide of Ma7]ganeM. 

a. By Precipitation as Carbonate of Protoxide of Manganese. 

The precipitation and washing are effected in exactly the same way a; 
directed § 108, 1, a (determination of zinc as oxide, by precipitiition a« 
carbonate). If the filtrate is not absohitely clear, sbind it in a WHrm 
place for twelve to twenty-four hours. A slight precipitate will tlitn 
separate, which is collected on anotlier small filter. The jn-eeipitato u 
dried, and then ignited as directed § 53. The lid is removed iicjin ili,, 
crucible, and a strong heat maintained until the weight of the nsidu,; 
remains constint. Caro must be tiken to prevent reducing gasc's lindina 
their waiy into the crucible. For the proj)erties of the preeipitate 
residue, see § 78. This method, if pro])erly executed, gives ainirati! 
results. The principal point is to continue tlie application of a siillicicutlY 
intense heat long enough to effect the object in view'. It is nceessarv .ils) 
to ascertain whether the residue has not an alkaline reaction, and liaviii^^ 
removed it from the platinum crucible, whether it dissolves in hydrochloric 
acid without leaving silica. 

h. By Precipitation as Hydrated Protoxide of Manganese. 

The solution .should not be too concemtrated, and it is best to have if in 
a platinum dish. Precipimte wdth solution of jnire soda or potassa, and 
proceed in all other respects as in a. 

If ph osphoric acid is present, or boracic acid, the fluid must bo kept 
boiling for some time with an exce.ss of alkali. For the properties of flic 
precipitate, see § 78. 

c. By Precipitation as Sulphide of M(tnganese. 

The solution contained in a cornparatividy small flask and not too tlil'if'' 
is first mi.xed with chloride of ammonium (if an ammonia salt is not alrcidv 
])resent in suflicient quantity), then — if the fluid is acid — with ainiiicinii, 
till it reacts neutral or very slightly alkaline ; now add yellow sulphide 
of ammonium in moderate excess, if the flask is not already (piite full iipt' 
the neck, add water till it is, cork, stand it in a warm plac(' for at hasr 
twenty-four hours, wash the precipitate if at all considerable, first hy (lo'iin- 
tiition, then on the filter, using w’ater containing suljihide of aniinomiiiHi 
and also gradually diminislied quantities of chloride of amnioniiuu (fmfjl'' 
none). In decanting, j)our the fluid in a flask, not on the filter. ^Ihr 
decanting three times, filter the fluids that have been poured off, traiislc'f 
the precipitate to the filter, and finish the w'ashing as above directod, witk' 
out intcrrufition. Keep the funnel covered with a glass plate. H ' 
not prefer to determine according to 2, proceed as follows : — Put the nioiJ't 
filter with the precipitate into a beaker, add hydrochloric .acid, and wan'i 
until the mixture smells no long(;r of sulphuretted hydrogen ; filt'‘^'''t 
the residuary pa])er carefully, and precipitate the filtrate as directed ii> '' 
The results are siitisfactory, com])are § 78, e. 

d. By Separation as Binoxide of Manganese. 

Heat the Sfdiition of the acetate of protoxide of manganese or 
other compmind of the protoxide containing Init little free acid, aflcr^a^ 
tion of a sufTicient quantity of acetate of .soda, to from 5(P to 
teansrnit chlorine gas through the fluid. The whole of the manga’* 
present falls down a.s binoxide (Schikl, — UivoT, Pkudant, and 
kYash, first by decantation, then upon the filter ; dry, transfer the j 
tate to a flask, add the filter ash, heat with hydrochloric acid, lilt^^'^f ^ 
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recipitate as directed in a. If the acetate of soda is deficient, and espe- 
ially if liydrochloric acid is present, it may happen that the precipitation 
f the manganese by chlorine is not quite complete, it is therefore well, 
iler filtering off the peroxide, to treat the filtrate with more acetatci ol‘ 
oda and again pass chlorine. 1 (;annot recommend the direct conversion 
if the precipitated binoxidc into protosesquioxide by ignition, as it has an 
^traordinary tendency to appropriate alkali. The separation of manga- 
lese as hinoxide, by evaporating its solution in nitric acid to drynes.s, and 
icating the residue, finally to 155®, is given in Section V. 


i fi. By direct Ignition. 

! The manganese compound under examination is introduced into a pla- 
linuin crucible, which is kept closely covered at first, and exposed to a 
jeiitlc heat ; after a time the lid is Uikcn off, and replaced loosely on the 
frucihle, and the heat is increased to th(‘ highest degree of intensity, with 
bircliil exclusion of reducing gases ; the process is continued until the 
^'oight of tlie residue remains constant. The conversion of the higher 
^xidc.s of manganc.SG into ])rotosesquioxide of manganese reipiires mor(; 
brotracted and intense lieating than the conversion of the }A*otoxide. 
[n lact, it can hardly be elfected without the use of a gas blow])ii)e. In 
the ca.se of salts of manganese with organic aci<ls, care must always 
te taken to ascertain whether the whole of the carbon has been con- 
sumed ; and should the contrary turn out to be the ca.se, the re.sidue 
Diust either be dissolved in hydrochloric acid, and tin* .solution jirecipi 
tated, do., as directed in o, or it must be repeatedly evajiorated with 
bitric acid, until the whole of the carbon is oxidized. 'Die method, if 
properly executed, gives accurate results. On the other hand, if llie 
directions are not carefully attcinh'd to, oin.' must not be surprised at con- 
Bidcrable differences. In tln^ ignition of stilts of manganese* with organic, 
acids, minute particles of the sjilt are generally carried away with the 
einpyreuinatic products evolved in the procos.s, which, of course, tends tu 
reduce the weight a little. 


I JktenutnatioiKis Sulphide of Manganei^e. 

! The sulphide precipitated as in 1, c, may be detormiued in this form, as 
o lows: Dry, transfer tin* precipitate to a crucible, burn the filter, add tlic 
ai’ies, strew some sulphur on the top, ignite strongly in hydn)g('n (till it 
^iconics black) and weigh as anhydrous sulphide of manganese (11. Ixo.se'^), 
jCoinpare the analogous process for zinc, § 108, 2. 

ifact obtained by Oksten, and cited by Rose, are perfectly s.-itis- 

llii.s inetliod is shorter and more convenient than dis.solving the moist 
^ phu e in hydrochloric acid, and precipitating with carbonate of .soda. 

e proto.sulpliato and all the oxides of manganese may be subjected to 
‘IS process with the same result. 


Tl , an Sulphate of Protoxide of Maugauese. 

Btai ‘method as in the ca.so of magnesia uinier tlie suue cirenm- 

^ miLst be tiiken, more particularly to avoid 

red excess of sulphuric acid, and to expo.se the residue to a faint 

For the properties of the residue, see § 78. If accurate 
it is only by chance ; a.s, if wo heat gently, the 
1.8 generally too high, if we heat more strongly, it is generally too 
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low from tho volatilization of sulphuric acid (TI. Kose*). To obt^j 
satisfactory results, convert the sulphate into sulj)hide, as in 2. 

4. Volumetric determi nation by the Reduction of Ferricyanidi’ „ 
Potas.^ium (M. TiENSSENf). 

Tho method is grounded on the fact that if a solution of protoxide i- 
manganese which contains 1 eq. to 1 lhj. MnO, is acted on ly ( 

of alkaline solution of fcrricyanide of potassium at a boiling tciii])(‘r;iiiiiv, 
all the manganese is proci}>it;itod as binoxide, while a coria'sjHjiidiii. 
(juantity of ferrocyanide of potassium is formed. Hy determining the lattn, 
the amount of manganese present is obLaiued. 

IVg Cly^ + 2 IvO + Mn 0 ,S 03 - 2 Cfy + K(),S( )^ 4- MnO^. 

.\ccordingly 1 eq. manganese gives rise to 2 eq. lerroeyanide of pots- 
sium. Of course all oth(*r reducing substances must bo absent, Mud tin: 
manganese must be j)resent entirely in the tbrm of proto-s^ilt. If tlif' solu- 
tion contains no sesquioxide of iron, tho ])reeipitatc is a eoinbiiiation of 
much binoxide, with little protoxide;, not always in the same projxirtioii^. 
In performing the ])ro(M'ss, mix iirst with the acid solution of protoxide of 
inaTigaue*; so much sosquichloridc of iron that you may 1)C sure of liaviriL'iit 
least 1 eq. Fe./\ to 1 eq. ]\In(), and add the mixture gradually to ii hoiliig 
solution of ferricyafudo of ])otassium, previously reinh'red strongly albllne 
with potassa or soda. After boiling tog<'ther a short tinn; the bnnvnisli- 
black precipitate becomes granular and less bulky. Allow to cool 
pletely^ filter off and wash the [irecipitate, acidify the filtnito witli 
hydrochloric acid, and e.stimate the ferrocyanide of potassium with poniiiin- 
ganate, accordingto § 147, H.,//, a. If thelicpiid is filtered hot, the; rcsiilfs 
are too high, as the filter in this case has a reducing action. The; iiietb''l 
may be shorbaied, as follows: After boiling, transfer the solutioti, togitli^r 
Avith the pri'cipifatc, to a mc'asuring flask, allow to cool, fill up t(Wh(; mark 
with water, shake, and allow to settle. FilUir through a dry filter, take 
out a c(*rtain <[uantity with a j>i]>ett(*, and determine the fcrrocyaiiidc in 
this, A slight source of error is hen; introduced by disregarding tlifi 
volume of the precipitate. The results adduced by IjENSskn arc very satis- 
fiic.tory. I have myself repeat(!dly te.sted this method, and I have to n iiiatk 
as follows : — 

(f. If fcrricyanide of potassium is long boiled with pure potassa, a ^niall 
quantity of f(;rrocyanide is invarial)ly prodmanl. 

b. The j)otass;i must be <puto fn;e from organic substances, aiul sln^kl 
therefore, if there is any doubt on this point, bo fused in a silver 'I'd' 
before u.se, otherwise tlio error alluded to in a may bo considenil'l}' 
increased. 

c. The complete waslnng of tlic voluminous pnxdpitate is attond('d "ill' 
so much difTiculty and loss of time as to render the method more trouM'^^' 
some tlian a gravimetric analysis. 

d. The abridged method, on the other hand, may be of great sorviec"' 
certain cases, csp'icially when a series of inangancisc; determinations 

be made, the manganese not being in too minute quantities, and thcli'^^“^ 
<legree of accuracy not being recpiired. In my laboratory, by cnipk)*"j 
a slight e.xcesH of sesquioxide of iron, — 1()()-12 — 1)8‘21 — 

100*4 were obttiined, instead of 100. Tho inaccuracy increases on 
a large excess of the iron.| 

* Fogg. Aunal. 110, 125. + Journ. f. prakt. Chetn. 80, 

t ZcitBchr. f. anal. Chom. 3, 200. 
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5. Voltmetric determitiafwn bt/ hoiling the higher oxides with hjdro- 
ihloric acid, and estimating the chlorine ecolved. 

The methods here erni^loyed will l)e found all togetlier in the Special Part 
under “ Valuation of Manganese Ores.” 

§ 110 . 

3. Protoxide of Nickel. 

a. Solution. 

Many of the salts of jmotoxide of nickel are solul)le in water. Those 
wliich are insoluble, as also the jnire ])rotoxide, in itseoniinon modification, 
dissolve, without exception, in hydrocliloric acid. Tlic peculiar uiodilica- 
tion of protoxide of nickel, discovered by Genth, which crystallizes in 
Dctahedra, does not dissolve in acids, but is rendered soluble by fusion 
.with bisulphate of potiissii. Metallic nickel dissolves slowly, with evolu- 
tion of hydrogen gas, when warmed with dilute hydrochloric or sulidiuric 
acid; in nitric acid, it dissolves with great readines.s. Sulphide of nick(d 
is but sparingly soluble in hydrochloric acid, but it dissolves readily in 
liiD'ohydrochloric acid. ^ Peroxide of nickel dissolves in hydrochloric 
acid, upon the application of heat, to protochloride, with evolution of 
clilorine. 

h. Determination. 

liotoxide of nickel is always weighed as such 70). The com])ounds 
:ol nickel are converted into the pure protoxide, usually by precipitation as 
■li}drated protoxide, ])reccded, in some instances, by precipitation as sulphide 
: 0 l nickel, or by ignition. 

We may convert into . 


PROTOXIDE OF NICKEL. 


h. ]hf Precipitation as Sulphide 
of Xicirl. 

All compounds of nickel without 
exception. 


a. By Precipitation as 11 t/d rated 
Protoxide of Nickel. 

All the salts of nickel with in- 
w'giinie acids which are solubh; in 
and all its salts with volatile 
organic acids; likewise all sidts of 
JiiGKcl which, insoluble in wuitcr, dis- 
^Gve in the stronger acids, with se- 
p'U’ation of their acid. 
iy nit ion, 

-I- he sjilts of nickel with readily volatile o.xygon acids, or 
'With such oxygen acid.s as are decomjmscd at a high tempe- 
rature (carbonic acid, nitric acid). 

iiiost^f but seldom admissible. The method a is 

employed. In the presence of sugar, or other non-volatilo 
‘Uid d ^ cannot be used. In this ca.se we must either ignite 

organic matter before precipitating, or wo must 
tions which otherwise is hardly usctl exce{)t in separa- 

plios 1 ’ ^‘’oibinations of the protoxide of nickel with chromic, 

horacic, and silicic acids are analysed according to the mothoda 
under the several acid8. 

(/'ft '** of Nickel. 

Mi. ^ Hydrated Protoxide of Nickel. 

som pure solution of pota.ss;i or soda in c.xcess, heat 

Q tuna nearly to ebullition, decant 3 or 4 times, boiling up each 
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time, filter, wash the precipitate ihoronghli/ with hot water, dry and ignit 
(§ The precipitation in best etfeeted in a platinum dish ; in ])n'S(‘iii 

of iiitrohydroehloric acid, or, it the operator does not possess a sufficientl 
capacious dish of the metiil, in a poretdain dish ; glass vessels do ni, 
answer the purpose so well. Presence of ammoniaeal sidts, or of tn. 
ammonia, does not interfere Avith the precipitiition. lor the? pro|)erti(S(! 
the precipitate and residue, sec § 70. This method, if properly exociitol, 
gives very accurate results. The thorough washing ol the ])reei|)itato i; 
a most essential point. It is nccessiiry also to ascertain wliether tlu; icsidin 
has not an alkaline reaction, and Avhether it dissolves completely in hydro 
chloric acid. 

b. Bij Precipitation as Sulphide of Nickel. 

This rcfjuires the grcat(‘st care and attention. The best Avay is to pro 
ceed a<!Cording to either of the two subjoined methods. 

a. The moderately dilute cold solution of nickel contained in :i propii 
sized flask is, if necessary, neutralized with ammonia (the n'actioii should 
be rather slightly acid than alkaline): chloride of ammonium is iiddeil it 
not already present ifi sutlicient cpiaTitity', (ind then hydrosuljdiato of sul- 
phide of ammonium, as long as a precipitate is produced. (The Nll^SJlS 
should be perfectly sjiturated Avith IIS, it may be colorless or liudit- 
yellow.) A large excess of the reagent must be av(,)ided. After inixinL', 
fill the lla.sk Avith Avater up to the neck, cork, and allow to .4 juuI ahoul 
twenty-four hours Avithout A\^•lrming, but in a moderately Avarni placi.’ 
The precipitate has noAV .settled, and tin* clear supernatant Iluid is cohulos 
or slightly yelloAv. Decant, filter, and aamsIi as described in the case ot 
sul{)hide of manganese (§ 109, 1, c). (Filtrate and Avasli-water iinist k 
colorless or slightly yellow.) Dry the ])recipitate in the funnel, and triinylcr 
as completely as possible from the filter, to a beaker ; the filter is inciiU' 
rated in a coil of platinum Avire, or upon the lid of a crucible, juid t 
ash added to tlie dry precipdtate. The ])reci])itjitc is uoav treated \wii 
concentrated nitrohydrocldoric acid, and the mixture digestc'd ata^^ente 
lieat, until the Avhole of the sulphide of nickel is dissolved, and tlie 
solved sulphur appears of a pure yellow ; the fluid is then diluted, liltcno 
and the filtrate precipitated, Ac., as directed in a. For the properties <’ 
the precipitate, see § 79. The method, if properly executed, gives acciU'>t(> 
results. ^ .1 

If the solution contains free ammonia, or no salt of ammonia, the 
filtered off from the sulphide of nickel j)osscs8es ahvays a more oi 
brownish tint, and contains sulphide of nickel (§ 79, c), which nniJ’t 
regained by acidifying with acetic acid and boiling. If tlie prcciiiit'd^'.^^^ 
not Avashed as directed, .some nickel is very likely to pass througli ' 
the wa.sh- water. If the filter Avero not incinerated, but treated 
together Avith the prccipitite, with nitrohydro(diloric acid, the soliiti<ji| 
the sulphide of nickel Avould contiin organic substances, and the 
])OtLss;i Avould accordingly afterwards fail to effect the complete precip 
tion of the nickel. ot 

ft. Mix the slightly acidified solution of nickel with 
ammonia, so tliat tlio free acid may be neutralized, and the solution 
tain a small excess of tlie bicarbonate of ammonia, together AAuth free 
acid, and then pass hydrosulphuric acid gas through the mixture. ^ 
pitation will promptly ensue. Filter, and treat the preci])itato 
It is notudvisjible to convert the sulphide of nickel into NigS, by ^ 
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in liydrogeti with addition of sulphur, and in this form to weigh it, as tho 
Doiiipositton of the residue is not quite constant. (H. Hose.) 

c, Bi/ direct Ignition. 

The same method as described § 100, 1, e. (Manganese.) 

§ 111 * 

4. Protoxide of Cobalt. 

a. SoliUion. 

Protoxide of cobalt and its compounds behave with solvents like the 
corresponding compounds of nickel ; metallic cobalt like metallic nickel. 
The protosesquioxide of cobalt obtained by Schwakzenbero in microscopic 
oc.tuhedra docs not dissolve in boiling hydrochloric acid, or nitric acid, nor 
ill nitrohydrochloric acid ; but it dissolves in concentrated sulphuric acid, 
and in fusing bisulphate of potassa. 

b. Determination. 

The accurate estimation of colialt presents considerable difficulties, since, 
as Frkmy has shown, the hydrated jirotoxide thrown down by alkalies is 
not pure, as was formerly supposed, but invariably retains traces of the 
acid and a not inconsiderable admixture of the alkaline precipitant which 
washing fails to remove. It occurred to me that perhaps after reducing 
the oxide by means of hydrogen, a pure product miglit then be obtained 
hy boiling with water ; but I found that such was not the case : the 
metallic powder, though repeatedly boiled with water, still continues to 
impart a strong lirown tint to turmeric paper if left in contact with it 
for some time. This old method of estimating cobalt, must, accordingly, 
be altogether discarded where accurate results are reipiired. 

The best forms for weighing the pirotoxide of cobalt in, are, metallic 
cobalt, protosesgnioxi^le of cobalt, sulphate of protoxide of cobalt, and 
nitrite of ses(ptioxi(le of cobalt and potassa. The conversion into the 
sulphate is often preceded by precipitation as siilpdiide of cobalt. 

We niay convert into 
1- Metallic Cobalt. 

All salts of cobalt that may be reduced directly by hydrogen gas (chlo- 
ride of cobalt, nitrate of protoxide of cobalt, carbonate ot protoxide 
; cobalt, &c.). 

2. FuoTosEsquioxiDE OF Cobalt (Co^O,, Co O). 

Sesqiiioxido of cobalt and nitrate of proto.xidc of cobalt. 

3. Sulphatj: of Protoxide of Cobalt. 

All compounds of cobalt without exception. 

d. Nitrite of Sesquioxide of Cobalt and Potassa. 

All compounds of cobalt soluble in water or acetic acid, 
b Determination as Metallic Cohalt. 

bvaporate the solution of chloride of cobalt, or of nitrate of protoxide 
cobalt, which must be free from sulphuric acid and alkali, in a weighed 
^^ucible^ to dryness ; cover the crucible with a lid having a small aper- 
in middle, conduct through this a moderate current of pure 
^7 hydrogen gas, and then apply a gentle heat, which is to be increased 



184 


DETEBMINATION. 


[5 111 

gradually to intense redness. Wlien the reduction is considered comj)l,,||, 
let the reduced metal cool in the current of hydrogen gas, and 
ignite again in the same way and repeat the jirocess until the weiglit oftl,,. 
reduced metal remains constant. The results arc accurate. For tliu pi,,, 
perties of cobalt, see § 80. 

As regards the appiratus to bo employed, see figs. jip. 175 and (i. 

2. Determination as Protosesqnioxide of Cohalt. 

Heat the nitrate of protoxide of cobalt, or the pure sesipiioxido, to 
intense ignition, and repeat the process until the vvciglit rcinuins 
constant. For the properties of the residue, see § 80. The rcsuliy me 
accurate. 

d. Dete/nnination as Sulphate of Protoxide of Cohidt. 

n. Ihj direct Conversion. 

The soluion is evajiorated to dryne.s.s, in a platinum dish or plaliimni 
crucible* — (directly, if it contains sulphate of jirotoxide of colrndt; bit 
if it contains a volatile acid, after addition of a slight excess of suljjliuric 
acid) — and the residue cautiously heated, at a gradually increased tt.m- 
perature, wliich is finally raised to gentle rodne.ss : the apjdicalioii of 
heat is continued until no more fumes escape and the weight of the eniciMe 
remains consUmt. In order to avoid spirting while h(‘ating, it is well to 
hold the flame above the crucible, and let it play on the cover, 

Aller weighing, the salt is treated with hot water. If this fails te ellicl 
complete solution (a sign that the siilt has become basic) the residue is 
dissolved in liydrochloric acid, and tlie atnount of suljdmric acid is then 
estimated in the solution, as directed § ld2; tlie dilference will ho the 
protoxide of cobalt. Tlie results arc accurate. 

For the pro])erties of sulphate of protoxide of cobalt, see § 80. 

b. Preceded hij Precipitation u.s* Sulphide of Cohalt. 

Precipitate, decant, filter and wash exactly as directed for sulpliido oi 
manganese (§ 109, 1, c), dry, and redi.ssolvc as directed § IP), 
phide of nickel). 

The solution obtoined contains invariably sulphuric acid; th(' amount 
of the cobalt is determined according to 3, u, td;ing care to e\ a]U)rate tho 
fluid, which contains nitrohydrochloric acid, in a jiorcidain <Iisli, uhli 
addition of sulphuric acid, to dryness, licforc transferring the residue, 'vith 
a little water, to tho platinum di.sh. The results are accur.ate. 

For tlie properties of the sulphide of cobalt see § 80. Tho sidphido ol 
cobalt cannot be brought into a weighable form by ignition in hydrogei'i 
as the residue is a variable mixture of different sulphides (II. Kosi:)- 

4, Detennination as Nitrite of Sesquioxide of Cobalt and*Potassa (ui^nJ 
princi[)ally in cases of separation). 

Mix the cobalt solution, which must not l)o too dilute (at the mesh 
300 parts of water to 1 of protoxide of cobalt), with a concentrated soluti"'' 
of nitrite of j)ota.H,sa; add acetic acid in quantity a little more thiiii 
cient to redissolvc the jirecipitate, which is at first produced in the suluU")' 
by the free potassa and carbonate of jiotassa contained in the nitrite. 0^'^^ 
tho beaker with a clock-glass, and let it sUind 12 to 24 hours in a 
place. Collect the yellow precipiUito on a wciglied filter, wash tlioroug*) 
with an ac^ueous solution of neutral acetate of potassa (containing 
* The operation muat, at all events, hejiniihed in a platinum vessel* 
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cent, of tlie salt), displace, finally, the last portion of solution of acetate of 
potassa still adliering to the precipitjite, by means of spirit of wine of 80 
per cent., dry at 100°, and weigh. The method gives very siitisfactory 
results (A. STJiOMEYEii*). For the properties of the prccipiUite see § 80. 

Instead of weighing the dn/ precipitiite, you may ignite it, incinerate 
the filter, moisten the whole with sulphuric acid, drive off the excess of 
the latter (see § 07, 1), and weigh the residue which consists of 2 (Co 0, 
S OJ + (K 0, S Og). Gums and (lENTHf have obtained good results by this 
; nielhod. 

100 parts of the residue arc equivalent to 18‘014 parts of Co O, 

§ 112 . 

5. Protoxide of Iron. 

a. Sola f ton. 

Many of the compounds of protoxide of iron are soluble in water. Tlic 
comj)oiinds insoluble in water dissolve alnfost without exception in hydro- 
chloric acid, in which the pure protoxide also is soluble ; the solutions, if 
^ not pre{)ared with i)erfect ('xclusion of air, and with .solvents absolutely 
i free from air, contiiin invariably more or less sesquichloride. In cases 
whero it is wished to avoid the clumce of oxidation, the solution of the 
compound of protoxide of* iron is effected in a small flask, through which 
a slow current of carlionic acid gas is ])assed, the transmission of the gas 
hoing continued until the .solution is cold. Alany native ])roto-cotni)ounds 
of iron cannot be thus dissolved. They are, indeed, rendered soluble by 
fusing with carbonate of* soda, but in this ])rocess the protoxide of iroi; is 
(onvertod for the most })art into scsquioxidc. It is thercf*orc advisable to 
heat such substances (in the finest powder) witli a mixture of 8 parts con- 
c'GJitrated sulphuric acid and 1 part water in a strong sealed tube of Bohe- 
iiiiaii glass for 2 hours at about 210°, or — in the eiise of silicates — to warm 
them with a iidxture of 2 parts hydrochloric acid and 1 ])art strong hydro- 
fluoric acid in a covered platinum dish (A. Mitsoiieri.iciiJ). Metallic 
ii'on dissolves in hydrochloric acid, and in dilute sulphuric acid, with 
t'volutioii of hydrogen, as protochloride or sulphate of protoxide respectively ; 

Warm nitric acid it di.s.solves as nitrate of scsquioxidc, and in nitro- 
lydruchloric acid as sesquichloride. 

Oetennination. 

1 rotoxide of iron may bo estimated 1 , by dissolving, converting into 
s^scpiioxide and determining the latter gravimetrical ly or volumctrically ; 
ITOupitating as sulphide, and weighing it as such, or determining it 
conversion into .sesquioxide; 8, by a direct volumetric method; 4, 
y ticating with tercldoride of gold, and Aveigliing the reduced gold. 

^ he methods 1 and 2 are, of course, only applicable when no sesqiii- 
oxi e is present with the protoxide, the metliod 2 is scarcely ever used 
I'^^Gept for separations. Tlie metliods included under 8 are adapted to 
cases and, in absence of other reducing sul»stances, are especially worthy 
' recommendation. The method 4 will be briefly treated of in the supple- 
'^^]tto§§ii2andll8. 

® the determination of iron as scsquioxidc belongs to § 118, and as 

* Anna!, d. Ohem. u. Pharm. 96, 218. t ^hid. 104, 309. 

X Journ. f. prakt. Chem. 81, 116. 
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the process for precipitTting the protoxide as suljdiide, is the saiiK^ as tl'n 
for precipitating the sesquioxidc in this form, nothing remains tor ua lier^ 
but to describe the methods of coiivertitig the protoxide into tlie scsfjul. 
oxide and the processes included under 3. 

1. Methods of convertimj Protoxide of Iron into Sesquioxidc. 

a. Methods, applicable in all cases. 

Heat tlie solution of j)rotoxide of iron to be oxidized with hjdrocliloric 
acid and add small portions of chlorate of potassii, till the fluid, even alUr 
warming for some time, still smells strongly of chlorine. Our ol)j('(;t iiiav 
be also attained by passing chlorine gas or — in the case of small (jiiaiititii.s 
— by addition of chlorine water. li‘ the solution is reipiired to ho free 
from excess of chlorine, it is finally heated, till all odor of that gas lias 
disjippcarcd. 

h. Methods tthich are onl// suitable irhen the iron is to be .^uhseipicntlji 
po'ceipitated bp ammonia, as ht/drated sesquioxide. 

Mix the solution of the protoxide of iron in a flask with a littlo livdro- 
chloric acid, if it does not already contain any; add some nitric ai'id, ami 
heat the mixture for some time to incipient ebullition. The color of th(' lliikl 
will show whether the nitric acid lias been added in sufheient quantity. 
Though an exco.ss of nitric acid does no harm, still it is lietter to avtml 
adding too much on account of the sulisecpicnt jirecipitation. In conon- 
trated solutions, the addition of nitric acid produces a dark-brown color, 
W’hich dis^ippears upon heating. This color is owing to the nitric oxlile 
formed dissolving in thc still unoxidized portion of the solution ol the 
protoxide. 

c. Methods v'hich can be emploped onlp when the sesquioxide of iron 
is to be determined coin metrical Ip. 

Add to the hydrochloric solution small quantities of artificially jircparol 
iron-free binoxide of manganese, till the solution is of a dark olivc-gi'oii 
color from the formation of sesquichloride of manganese!; boil till tlil» 
coloration and the odor of chlorine have dis^qipeared (Fu. Mom:); or you 
may add pure permanganate of potassa (in crystals or concentratx'd soluticn) 
till the fluid is just red and then boil, till the red color and clilorinc-oilct 
have vanished. These methods present the advantage of' permitting 
plete oxidation without the use of any considerable excess of the oxitliz>"c 
agent. 

2. Kstiniation bp Volumetric Analysis, 

a. Marguf.kite’.s Method. 

This method is based upon the following principle:-— ,| 

If wo add to a solution of protoxide of iron, containing an excess of | 
permanganate of j)otris.s{i, the former is oxidized, at the ex|><'nso oi t'| 
latter, [10 (Fe 0, 8 (),) + 8 S O, -f K O, Miq ^ b (F(q 0„, I) 8 Oj -i h t. 
S Oj-f 2 (Mn O, 8 O^j]. Now if we possess a solution ef jicrniang"'** _ 
of potassa, and know how much iron 100 c. c. of it can convert | 
condition of protoxide to tliat of sesquioxide, we can, with this, rca j 
determine an unknown quantity of iron; we have sinqdy, for 
to dissolve the iron in acid, in the form of protoxide, to oxidize tlie 
tion accurately, and note how many c. c. of the solution of perinaiig^ 
of potassa have been used to accomplish that object, 
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a. Determination of the Strength of the Solution of Permanganate of 

Potassa. 

The process of preparing a solution of permanganate of potaswi liaving 
been described already in § 05, 3, 1 will at once proceed to give the several 
methods employed to determine the strength of the solution. 

Kither of the three subjoined methods may be selected for the purj)ose ; 
or, the strength having been determined by one method, it may, l)y way 
of control, be determined once more by one of the other methods. 

Solution of permanganate of potassa prej)ared from the pure crysUillized 
salt, does not alter, if carefully kept; on the contrary, if it contains free 
; potassji or manganate of potassa, it suffers gradual decomposition, and each 
I analysis, made after an interval of even only a day, must be preceded by a 
; fresh determination of its strength. 

aa. Determination of the Strength hf means of Metallic Iron, 
i Weigh off accurately about 0-2 grm. of thin, clean iron wire (pianoforte 
‘ wire) ; introduce this into a small long-necked flask, add about 20 c. c. 
i of dilute sulpliiiric acid, and the same quantity of water, secure the 
; flask in an oblique jwsition, by means of a retort-holder; transmit 
through it a slow current of carbonic acid, and t’nen heat the fluid to 
gentle ebullition. 

Fig. 03 shows the arrangement of the apparatu-s. When the iron has 
dissolved, allow to cool, keeping up the current of carbonic acid, then till 



Fig. 63. 

j llic flask two-thirds with distilled water ; smear the rim with a littJe tallow, 

1 pour the contents cautiously into a beaker of about 400 c. c. capacity, and 
ftansfer the last particles from the flask to the beaker by rejieated rinsing 
jviti cold water. The total quantity of fluid should bo about 200 c. c. 
ace the beaker on a sheet of white paper, or better, on a sheet of glass, 
paper underneath. 

Pul a Gay-Lus.sac’s or Geissleu’s burette of 30 c. c. capacity, divided 
^ zero, with solution of per- 

'^C|ganato of potassa, of whicli tjike care to have ready a sufficient quantity, 
icrtectly clear and uniformly mixed. 

add the permanganate to the iron solution, stirring the latter all 
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the while with a glass rod. At first the red drojis disappear very ru]>i(]!v, 
then more slowly. The Iluid, which at first wais luairly colorless, gradnaliv 
acquires a yellowish tint. From the iiisUvnt the red drops begin to disip. 
])ear more slowly, add the jiermanganate with more caution and in sinL^le 
drops, until the last drop imparts to the fluid a faint, but unmi.sUkaljli. 
reddish color, which remains on stirring. A little practice will enalilc 
you readily to hit the right point. As .soon as the lluid in the buretle lia? 
sufficiently collected again, read off, and mark the number of e. c. uswl. 
The reading off' must be jicrformed with the greatest exactness (see § 22] ; 
the whole error shoidd not amount to c. c. 

If 0*2 grin, iron have taken from 20 to 80 c. c. of permanganato, the 
latter may bo considered to be of the proper degree of concentration lor 
most determinations of iron. If much less has been used in the jnoctss, 
the solution is too concentrated. In that cuvse add to the entire (piamiiy 
a sufficient amount of water to give it approximately the right degreo nf 
concentration ; then repeat the above experiment witli a fresh aiuuiiiit of 
iron. If, on the otlurr hand, eunsiderahly more than 8U e. c. of [K'ninuiia- 
iiate have been used for b'2 grin, iron, the solution is not exactly unlit br 
use, but working with it becomes the more tedious and iiicojivenieiil 
the more its degree of concentration ditlers from that given above. 

When yon have completed the experiment with a solution of approxi- 
mately f)ruper concentration, calculate, by a simple proportion, how luiicli 
iron iOO c. c. of the solution will convert from the state of ])rotoNiik‘ lo 
that of ses([uioxide. Supposing, for instiin<;e, you have used to U‘210gnii. 
iron, 23 o c. c. of the permanganate, then wc say 

23*5 : 100:: 0-210 :x :r = O'S03f) (gnu. iron). 


As the accuracy of all estimations made with the solution of' 
nate of potas.sa depends upon the correct determination of the .strength, it 
is always advisfihle to repeat the experiment. 

As even the purest iron wire is not chemically pure, hut couUiiiis a litik 
carbon, it is well, in analyses requiring the very highest degree ol aceiiriu}, 
to reduce the weight of the iron wire used in the })roecs.s, by mnltiplhutaiii 
with 0-0‘J7, to the corresponding weight of cliemictdly j>urc iron. Ik.'' 
reduction is based upon the generally correct supposition that tlm "in^ 
contains 0-3 per cent, of e.xtraneous matter. 

If, in the two experiments made for the purpose of determining 
strength of the solution of jicrmanganate of jiota.ssa, the quantities ol m'J* 
respectively corresponding to 100 c. c. of solution, ditfer only about h 
or 3 ingrm. ([)er grm.) the results may bo eoiisidercd perfectly satisl'e toip 
Jlut il' the dilfereiice is considerably greater, a third experiment nin.4 
made. 

If there is a deficiency of free acid in the solution of iron, the ilu^^ 
acquires a brown color, turns turbid, and deposits a brown ])recipit‘‘J® 
(binoxide of manganese and sesquioxide of iron). The sjimc may h;tpi"|j 
also if the solution of permanganate of potassji is added too quickly, 
the proper stirring of the iron solution is omitted or interrupted, 
meiits attended witli abnormal manifestations of the kind had alvvay.s ^ 
be rejected. That the fluid reddened by tlio last drop of solution 
manganate of potassa added, loses its color again alter a time, need 
no surprise or uneasiness; this decolorization is, in fact, quite mcvi 
• as a dilute solution of free permanganic acid cannot keep lung t 
composed. 
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U) Detemiiiiatum of the Strength hy means of Sulphate of Protoxide of 
Iron and Ammonia. 

Wci'^li oil, with the greatest accuracy, about 1-4 grm. of tlie pure salt 
preiiared according to the directions given in § 05, 4, after powdering tlie 
crystals, and pressing biitween sheets of smootli blotting-paper. Dissolve in 
<il)oiit 200 c. c. distilled water, add about 20 c. c. dilute sulphuric acid, 
and proceed as in aa. 

As sulphate of protoxide of iron and ammonia contains exactly | ol 
iits wei<dit of iron, the calculation reipiired to show the value of 100 c. c. 
‘of perinanganate is very simple. Supposing, for instance, 2o c. c. of iier- 
nianganatc to have been consumed to 1‘40() grm. of the iron salt, then, 


Avo have 
and 


25 


100 :: 0-2 



3 !* = 0-8 


If the sulphate of protoxide of iron and ammonia used is not pure, if, 
for instance, it contains bases isomorphous with protoxide of iron (jirot- 
oxido of manganese, magncisia, A'c.) ; or if it conUiins scscpiioxide, or is 
used in a moist condition, the result Avill of course be too high. 


cc. Determination of the Strength hy 7)ieans of Oxalic Acid. 

Tills metliod is based upon the following principle: — 

If .solution of permangjinate ol‘ potassa is added to a Avarin solution of 
oxalic acid, mixed with snl[)huric acid, the liberated permanganic acid 
inslantly oxidizes the oxalic aci^l to carl)onic acid [5 0,, d 8 +- 

K 0, Mii^ Oy - 10 C 0,^ 4- 2 (Mn O, S O^) + K O, S dj.] For the oxidation 
of 1 erp oxalic acid OJ and 2 eij. iron (in the state of protoxide) eepud 
quantities of permanganic aci<l are, accordingly required; therefore, (id 
piu’ts (I e(j.) of crystallized oxalic acid correspond, in reference to the 
oxidizing action of permang:mic acid, to 5(1 parts (2 C(p) of iron, 
i By dissolving C'd grm. pure crysUdlized oxalic acid (§ 05, 1), or 4*5 
i grm. of the pure hydrate dried at 10(F, in water to 1 litre of tluid, a deci- 
iiorrnal solution of oxalic acid is obhiined, which is exactly suited to our 
present purpose. 50 c. c. of this solution, which correspond to O-dlf) 
gnu. crystallized oxalic acid, or 0'2H grm. iron, are introduced into a 
l>'uiker, diluted with about 100 c. c. of water, from 6 to 8 c. c. of cone, 
‘’uljhuric acid added, and tlie fluid heated to about 60°. The beaker is 
duiu placed on a sheet of white jiaper, and permanganate adiled from the 
eurette, with .stirring. The red drops do not disappear at first very 
rapidly, but when once the x’eaction has fairly set in, they continue for 
some time to vanish instantaneou.sly^ As soon as the red drops begin 
|o disiippcar more slowly, the solution of permanganate of ])Ota.ssa must 
'0 added xvith great caution ; if projier c^ire is taken in this respect, it is 
•^asy to complete the reaction with a single drop of jiermanganate ; this com- 
p otion ol the reaction is indicated with beautiful distinctness in the colorless 
number of c. c. used corresponds to 0*28 grm. iron. 

If the oxalic acid was not perfectly dry, or not quite pure, the result of 
experiment will, of course, lead to fixing the strength of the solution 
^ Permanganate of potassa too high. Instead of pure oxalic acid, Saint- 
^ has proposed to use crystallized oxalate of ammonia (N II^ O, C, + 
be • easily be prepared in the pure state, keeps well, and can 

® ''weighed with accuracy. It is not however advisable to keep a standard 
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solution of this siilt in store, as it is liable to spoil. 71 parts oftlie 
crystallized sidt correspond to 5G parts iron. 


0^ tlie foregoing three methods of standardizing solution of })ormanM- 
nate of poUissa, the hrst is the one originally proj)oscd by MAHorKuni:, 
Svdphateof protoxide of iron and ammonia was first jirojioscd by Ki;. Moiii;, 
and oxalic acid by Hempel, as agents suitable lor the purpose. With :il)sn. 
lutely pure and thoroughly dry reagents, and projier attention, all tlireo 
methods give correct results. 

For myself, I prefer the first method, as the most direct and positivo.tlie 
only doubtful point about it being the (juestion wlu^ther the assunijition 
that the iron wire contains 1)11’7 per cent, of chemically pure iron is (juiti) 
correct ; this, however, is ol’ very trilling imjiortiince, as the error could 
not exceed or p,, jier cent. Hut the other two metliods are, as niav 
readily be seen, somewhat more convenient, since in one of tlicm tin- 
trouble is «ived of prcjiaring the solution of iron, and in the other tlnni 
is, moreover, no need of weighing. Tluise advantages, however, ^vhicii 
were conBid(n'ablc, wlien the imjiure permanganate' solution that was used 
re<piired fresh stamhirdizing every day, have now lost their value, ii.s llie 
pure solution, now generally employed, keejis unaltered. 

For the analysis of very diluti; solutions of iron, c.y., ehalybratcMvatcr, 
in which the amount of iron may be very ap])roximately deterininod with 
great expedition, by dire<;t oxidization with ])ermanganate, a v('rv dilute 
sUindard solution must be prepared; ofwbich 100 c.c. corresjiond iosnylH 
grin. iron. Such a solution should bo directly standardized, witli corn.- 
sjtondingly small (piantities of iron, or the iron-double-salt, and Iwilcd 
water sliould bo used. 

In oxjieriments of this kind, the fact that a certain (piantity of pcriiian- 
ganate is recpiired to impart a distim-t color to juire aeidilied walt r (which 
is of no eon.sequenee in operations where the concentrated soluticni is 
must be taken into consideration ; for where the solution used is so 
dilute, it Ukes indeed a nu'asurable quantity of it to imjiart tlie desired 
reddish tint to the umouiit of water euqiloyed. lii sueli cases, the voIui'ih 
of the solution of iron used for standardizing the permang.'niato and the 
volume of the weak hirruginoim solution subjected to analvsis should lo 
the stime, and cither the two solutions should contain about the same (piaii' 
tity of iron, or by m<;ans of a special experiment, it is ascertained h"''^ 
many ,V) permanganate are reipiired to imj)art the desired pdc 

red color to the same volume ol‘ aeddified water. In the latti^r case, thcM’ 
c. e. will be deducted from the amount of permanganate used in n'O 
regular exjxn-iinents. 


>d 


/3. Perjorinance of the Aimlijiiral /Voce.ss. 

This has been fully indicated in a. The eonqiound to be cxanuneci 
<lissolved, ])ref<!rably with application of a eurri'iit of earbonic aeid 
fig. ()f‘l, p. IH7) in water, or dilute sulphuric aeid, allowed to cool in 
current of carlionic acid, and suitably diluted (if practicjible, the 
tion of a substance containing about 0*2 gnn. iron should be dihitnc 
about 200 c. c.); if free acid is not yet present in sufficient qinndi b 
about 20 c. c. of dilute sulphuric acid are added, and then staiidao 
manganate from the burette, to incipient reddening of the fluid. The vo 
of standard solution used is then read off. The strength of the so n ^ 
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of permanganate being known, the quantity of iron present in the examined 
fluid is found by a very simple calculation. Suppose 100 c. c. of solution 
of permanganate of poUissa to correspond to 0-98 grni. iron, and 25 c. c. 
of the solution to liavc been used to effect the oxidation of the protoxide 
of iron in the examined compound, then 

100; 25:: 0-98: a:; ar-0*245. 

The quantity of iron originally present in the form of protoxide amounted 
accordingly to 0-245 grin. 

For the method of determining the tobd amount of iron present in a 
Boliition containing both protoxide and sesquioxide of tliat metal, I refer 
to § lid; for that of determining tlic amount of each separately, to 
Section V. 

I Note on the determination of Iron in Hydrochloric Acid Solu- 

jTlON KV THE FOREGOING MeTHOI). 

The foregoing process was long considered to be the most convenient 
and best for the estimation of iron. Rut its glory is now departed, since 
LiovENTHAL aud Lenssen * have shown that in solutions containing hydro- 
chloric acid, it is essential that tlie standardi/ing of the reagent and the 
actuiil analysis be performed under tl'c same cireumstauces as regards 
dilution, amount of acid, and temperature. Besides the proper reaction 
10 l<e 0 + Htij 0^ - 5 Fe^ + 2 Mn 0, the colljiUn-al reaction 7 1101 + 
^^0^-5 Cl + 2 Mil Cl + 7 H 0 also takes place, in consequence of 
■\uiich a little chlorine is liberated. This chlorine does not oxidize the 
protoxide of iron in the case of considerable dilution, but there occurs a 
condition ol ccpiilibrium in the fluid containing protoxide of iron, chlorine, 
and hydrochloric acid, whicli is destroyed by addition of a further (juantity 
01 either body (Lowenthal and Lenssen loc. cit.). But since it is diflicnlt 
0 proscu'vc the above condition of obtnining correct results, the followinu: 
proa^ediMg is adopted. ' 

Standardize the permanganate by means of iron dissolved in dilute sul- 
h>iiric acid, make the iron solution to be tested up to litre, add 50 c. c. 
urge (piantity of ^yater acidified wltli sul])buric acid, add permanganate 
jurette, then again 50 c. c. of the iron solution, })ermanganate again, 
T1 numbers obtained at the third and fourth time are taken. 

lese .lie constant, while that obtained tlie first time, and sometimes also the 
oi'nl result multi])li(‘d by 5 gives exactly the (piantity 

I eiin.iugaiuite proportional to the amount of protoxide of iron j (resent, 
'lirecf 1 ^ reason why the attention of analysts was not previously 
in th 1 inlliieucc of hydrochloric acid in this process, lay 

^iiinlo customary to crystallize the permanganate before 

'*i'un nrudo solution, which contains much chloride of potas- 

pi’csen experiments were consetpiently performed in the 

ODjjji hydrochloric acid, even when suljdmric acid alone was 

'’nsultg ^^i*^®olving or acidifying. Hence the differences between the 
^ ^idphuric and hydrochloric acid solutions were not so large 
y are now, when we work with the pure permanganate. 

(recommended subsequently by SoiiAUUs). 
roinato of po^ssa is added to a strongly « acid solutioi 


solution of prot- 


* Zeitfichrift f. analyt. Chein. 1, 329. See also 361. 
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oxide of iron, the latter is converted into sesqnioxido, whilst the (hroniie 
acid is reduced to sesquioxide ofchroniiiini (6 Fe O 4 - 2 Cr 0 ” - d Fo () 

Cr, 0,). ’ “ ■ 

Now, with O’l eq. bichromate of potassa - 14-759 grm. dissolved to 
1 litre of fluid, O’O e^p- Kchj grm. iron may be converted from the siai^ 
of protoxide to that of ses(piioxide, and 50 c. c. of the above solution oir- 
respond accordingly to 0-84 grin. iron. 

Care must be taken to use perfectly ])ure bichromate of potassa; tlie 
salt is heated in a porcelain crucible until it is just fused ; it is llicn 
allowed to cool under the de.siccator, and the required quantity w cijrliid 
off when cold. Besides the above solution, another should also be pre- 
pared, ten times more dilute, and contiiining accordingly 0 01 0 (|, of 
liichromate of potassa in the litre. 

Tt is always advis«'ible to test the corrcH-tness ol’ the .standard .solution of 
bichromate of potassji, l)y oxidizing wuth it a known amount of pure iron 
dissolved to protoxide (see p. lH7, uu). 

The analytical procenss is performed as follows: — 

The solution of [uotoxide of iron is sulliciimtly diluted, mixed nil li 
suHici('nt (piantity of Iptdrochloric or dilute sulphuric acid, and the si.intlanl 
solution of bicliroinatc of potas.sa slowly added from the bunjtte, tht' li(|uiJ 
being stirred all Ihe while with a thin glass rod. The Iluid, whidi is at 
first nearly colorles.s, speedily acquires a pale green tint, which eliiiiii:rs 
gradually to a darker chrome-green. A very small drop of tin; inixtiire 
is now from time to lime taken out l)y means of tlie stirring-riid. and 
brought into contact with a drop of a solution of ferricyanide of pulassiiiiu 
on a ]iorcelain {date, which has been sj>ott('d with several of such dn'iis, 
When the blue color thereby j)roduce<l liegins to lose the intensity wliidi 
it exhibited on the first trials, and to assume a j»al('r tint, tin; .‘ulditioii 
the solution of bichromate of {)olassa must be more carei’nlly ngulatul 
than at first, and towards the end of the ])roccss, a fresh essay niiut hi; 
made, and with larger dro{)s than at first, after each new addition of bvo 
drops, and finally, even of a single drop ; dro{)s must also lx- left for 
time in conflict before the observation is taken. When no further hlii« 
coloration ensues, the oxidation is terminated. From tlui n'liiiirhahle 
sensitiveno.HS of the reaction, the exact |»oint may be easily hit to a drop. 
To heighten the aexniracy of tlie results, the dilute (ten tinuis wciikor) 
standard fluid sliould, just at the end of the {u'oeess, be substituted fur 
concentrated solution of biediromate of j)otas.si. 

If exactly 0-84 grm. of the sulistance to be analysed have been di.-solve'I, 
the numbers of halfc. c. used of the two standard fluids sliow liow mail)' 
|)er-cents., and tenths per cent. rcs|)cctively of jiure iron the analysed ^ib- 
stance contains in tlie form of protoxide. Fiu tlie inaniier of ]>rocc(’ding 
in presence of se.s(|uioxide of iron, I refer to § 11, ‘h If there is a defa'hmr} 
of free acid in the solution, brown chromate of sesquioxide of cliroiuiH'" 
may form, upon wliich tlie solution of protoxide of iron cxercl.se.s no 
a deoxidizing action. 

§ 113 . 


C. Sesquioxidk of Ikon. 

a. Sohition. 

Many of the compounds of sesquioxide of iron arc soluble ie 
Pure sesquioxide of iron and most of those of its comjiound.s which « 
insoluble in water, dissolve in liydroeliloric acid, but many of them on; 
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lowly and with difficulty ] compounds of this nature are best dissolved’ 
1 concentrated hydrochloric acid, in a flask, with the aid of heat; which, 
iowever, should not be allowed to reach the boiling point; the conipound 
[lust moreover, be finely powdered, and even then it will often tak(i many 
lOiirs to effect complete solution. Iron ores insoluble in hydrochloric 
cid are treated like the corresponding compounds of protoxide ol‘ iron. 

h. Determination. 

Sesquioxide of iron is usually weighed as such, but sometimes as sul- 
phide (§ 81). If however, be estimated also indirectly, and also by 
rolumetric analysis, both directly and alter reduction to protoxide. The 
loiwersion of compounds of iron into sesquioxide is effected cither by 
precipitation as hydrated sesquioxide, preceded in some ca.ses by ]>rocipi- 
ation as sulphide of iron, or as succinate or basic acetate or basic formiate 
pf sesquioxide of iron ; or by ignition. While tlie volumetric and the 
low seldoin-used indirect methods are ai)plicable in almost all cases, we 
aaay convert into 

1. Sesquioxide of Iron. 

a. By Precipitation an Hydrated Sesquioxide. 

All salts soluble in water with inorganic or volatile organic acids and 
ikewise those which, insoluble in water, dissolve in hydrochloric acid, 
uritli separation of their acid. 

h. By Precipitation as Sulphide of Iron. 

All compounds of iron without exception. 

c. By Precipitation as Succinate of Sesquioxide of Iron ; and 

d. By Precipitation as Basic Acetate or Fonniate of Sesqui^ 

oxide of Iron. 

The compounds enumerated sub. a. 

e. By Ignition. 

All salts of sesquioxide of iron with volatile oxygen acids. 


2. Sulphide of Iron. 

All compounds of iron witliout exception. 

The method 1, e, is the most expeditious and accurate, and is therefore 
preferred in all cases where its application is admissible. The method 1, «, is 
the most generally used. The methods 1, and 2, serve princiimlly to effect 
6 separation of the sesquioxide of iron from other bases ; they are re.sorted 
3^1so in certain instances where o! is inap])licable, especially in cases where 
Sugar or other non-volatile organic substances are present ; and aJ(po to 
^^hinate the sesquioxide of iron in its compounds with phosphoric acid and 
uracic acid. The methods 1, c and 1, d are used exclusively in separa- 
^us. For the manner of determining the sesquioxide of iron in the 
^^romate and silicate, I refer to §§ IflO and 140. The volumetric 
ods for estimating the sesquioxide are used in technical experiments 
JuoHt to the exclusion of all others, and are very frequently employed in 
•cientific analyses. 

I^^termination as Sesquioxide of Iron. 

w. -By Precipitation as Hydrated Sesquioxide. 

K solution in a dish or beaker with ammonia in excess, heat 

I ^7 to boiling, decant repeatedly on to a filter, wash the j^ecipitate 

n. 0 
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carefulhf with hot water, dry thorovghJy (which very greatly reduces tli: 
bulk of* the [)recipit«ate), and ignite in the manner directed in § 5;!. 

For the properties of the precipitate and residue, see § 81. The metlux 
is free from sources of error. The preei])itate, under all cireuinstaiKts 
even if there are no fixed bodies to be washed out, must be most cu/r/idi, 
and thoroughly washed, .since, should it retain any traces of chloride! oi am. 
monium, a portion of the iron would volatilize in the form of sesepiielilorulp 
It is also highly advisable to dissolve the weighed residue, or a portiniK, 
it, in strong hydrochloric acid, to see whether it is quite free from silici 
acid. 

h. By Prcclpltaiion Sulphide of Iron. 

The solution, in a not too large tlask, is mixed vvdth ammonia, till all | 
the free acid is neutralized. (In the absence of orgaidc non-volatile siil). 
stances this leads to the precij)itiition of a little hydrated se.s(iuioxiilf', 
which, however, is of no conse(|uence.) Add chloride ol amnioiiiiiiii, it 
not already present in suflicient quantity, then colorless or yellowish sul- 
phide of ammonium in moderate excess, lastly water, till the fluid rraclius 
to the neck of the flask. Cork it up and stand in a warm ])lacL‘, lilltlie 
precipitate has subsided, and the sui)ernatant Hnid luis a chair yclhuvisli 
appearance (without a tinge of green). Wash as directecl in tlm case of 
sulphide of manganese (§ 109, 1, c). Niglect of uny of tlu'se precautions 
will occasion some loss of substance, the sulphide ol iron gradiiallv com* 
bining with the oxygen of the air, and jta.ssing thus into the filtrate as 
protosulfhate. As this sulphate is rc[)recipitated l.»y the sulpliih ol 
ainrnordum ])re.sent, the filtrate assumes, in such cases, a greenish culor, 
and gradually <lepo8its a black preci})itate, iho separation of which i3 
higlily promoted by addition of chloride of ammonium. 

Wlieiu the oj)eration of wa.shing is completed, tlic moist precipitate (it 
it is not dried and determino<l according to 2,) is put, toge ther with ihj 
filter, into a beaker, some water added, and then liydnxddoric acid, uiiti 
the wliole is redissolved. Heat is now applied, until the solution sme 
no longer of suljdiunitbfMl hydrogen ; tlio fluid is tlien filtered into 
the residual paper careliilly waslied, and the filtrate oxidized ly 
with nitric acid (sec § 112, 1); the oxidized solution is finally prt'* 
ci|)itatcd with ammonia, as in a. 

If a solution ol’ ])Ota.ssio-, sodio-, nr ammonio-tJirtrate of sesquioNi<l'('^ 
iron conbiins a considerable excess of alkaline carbonate, the pri'cipit'^^^'^J' 
of the iron as sulphide is ])revented to a greater or less (‘xtent (but ■ 
In such cases the fluid must therefore be nearly neutralized with an -'C t 
before the precipiUition with the sulphide of ammonium can be c11ccLC(' 

c. By Brecipitaiion as Succinate of Scsepiioxide of Iron. ^ ^ 

The solution, in a flask, is mixed with very dilute ammonia, 
drop, until a small portion of the iron precipitates in the form of ' 
sesquioxido ; a gentle heat is then applied, to ascertain whether or 
precipitJito will redissolve. If it redissolves, tlio addition of dil'ib s' 
monia is mntinued, until the application of heat fails to redissolvc 
cipitiite formed. If it remains undissolved, and the fluid 
a lirownish red color, all the preliminary conditions requisite y 
< ipitJition with succinate of ammonia are fulfilled. But ! .'^ 1 . in 

appciir colorless, this is a’ sign that too mucli ammonia luis been 
which case it will be neccs.sary to add a small portion of hydrochloi 
and tlien again some ammonia until the desired point is atUiined. 
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[iiid tlms prepared is now added a perfectly neutral solution of succinate 
,f ainnioriia, as long as a precipitate forms ; a gentle heat is tlieu applied, 
, 11(1 the fluid allowed to cool ; when perfectly cold, it is filtered, and the 
>reei|)Itate washed, first with cold water, finally with warm ammonia — 
vhic'li o])eration, depriving the precipitate in a very great measure of its 
K'itl, imparts a darker tint to it. The washed precipitate is dried upon 
lie filter in the funnel, and then converted into sesquioxide of iron, V)y 
gnition (§ .53). The object of washing the precipitate with ammoTiia is 
;o remove jiart of the acid, since, were tin; precipihite simply washed with 
j^raier, a portion of the sesipiioxide of iron might suffer reduction upon the 
jiubsequcnt ignition of the succinate. If there is reason to apprcliend that 
piis has actually taken pla(;e, some nitric acid is adeled to the precipitate, 
pvaporated, and the ignition repeated. For the properties of tlie pre- 
cipitate, sec § 81. The results are accurate. 

I d. Bij Previpitation as Basu: Acetate of Sesquioxide of Icon. 

! ' Mix the sufficiently diluted solution of sesejuioxide of iron, in a flask, if 
leontaiiis much free acid, with carbonate of soda or ammonia until the 
eirl is nearly neutralized ; then add to the solution which is still clear, 
lit already of a deep red color, neutral acetiite of soda or of ammonia ifS 
light excess ; and lioil till, on removing the lamp, the precipitate settles 
loar. Wash repeatedly hy boiling and decantiition, and finally on the 
Iter with boiling water, which .should contain a little acetate of ammonia ; 
pry, ignite (§ .53), and weigh the sesquioxide obtained. It is advisiible to 
fetid a few droj)s of nitric acid to the residue, evaj)orate and ignite again, 
Itf) SCO whether the weight remains constant. The residue must show no 
felkalin(3 reaction when moistened wdth water. The results are accurate, 
ilt IS uiten prelerable to dissolve the precipitate of the btisic acetate in 
^lydrochloric acid, and to precipitate the solution according to a. The 
^uriiii.'ites of soda and ammonia may be advantageously substituted for the 
jai^etales as precipitiints {§ 81, e and f). 


e. By I (] nit ion. 

bxpose the compound, in a covered crucible, to a gentle heat at first, 
[find gradually to the highest degree of intensity; continue the operation 
Liiitil the weight of the residuary sesipiioxide of iron remains constant. 


Betennination as Anhydrous Sulphide of Iron. 

Tlie hydrated suljdiideof iron obtained, as in 1, ^>, may be very conve- 
tiduly determined by conversion into the anhydrous sulphide. The process 
l^lic same as for zinc (§ 108, 2). The heat to which it is finally exposed 
J le current of hydrogen must be strong enough, as an excess of sulphur 
^ ri^hiined with some obstinacy. In fact, it is advisiible alter weighing to 
tl ' liy^^rc>Rt;n and weigh a secoml time. It is of no importiince it 

^yjdrated sulpliide has oxidized on drying. 

ph' and sesquioxide of irou can be transformed into sul- 
in the same manner, after having been dehydrated by ignition in 
; crucible (II. Hose*). 

' obtained by ()e.sten, and adduced by Rose, as well as those 
laboratory, are exceedingly satislactory. (Expt, 


Pogg. Annal. 110, 126. 
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3. Determination hy Volumetric Anahjsifi. 

a. Preceded hy Itednciion of the Sesqvioxide to ProtoTidp. 

The volumetric methods which come under this head are bast'd apontlf. 
reduction of the sesciuioxidc to protoxide, and the estimation ol’ llic latter, 
We have, accordingly, to occupy ourselves simply with tlio rediK tioii if 
the solution of the sestpiioxidc, the other part of the process having hdn 
fully discussed in § 112 (Protoxide of Iron). The reduction of sesquioxide 
of iron can be effected by a host of substixnces (zinc, protochloridn of tin, 
sulphuretted hydrogen, sulphurous acid, etc.), but only those can I)i* used 
with advantage, an excess of which may be added with impunity. 1| an 
exco.^s must be very carefully avoided, or, being added, must be can.liilly 
removed, the method becomes troublesome, and a retidy source of inacemary 
ia introduced. On these grounds, although its action is sonuwliat 
slow, zinc, unquestionably, deserves the preference before all other rtMlucing 


agents. 

Heat the hydrochloric or sulphuric acid solution, which must (‘ruitaiii 
a moderate excess of acid, but be free from nitric acid, in a small long 
necked dask, placed in a slanting position ; drop in small pieces ofiroii-fnc 
zinc (§ 60), and conduct a slow current of carbonic acid thrmigli llio lla>k 
(fig. 63, p. 187), Evolution of hydrogen gas begins at once, and tlie 
color of the solution becomes paler in jmoportion as the sesquioxido cliaiigs 
to protoxide. Apply a moderate heat, to promote the action ; and adil 
also, if necessary, a little more zinc. As soon as the hot solution is com- 
pletely decolorized (one cannot judge of the perfect deoxidation of a coll 
solution so well, as the color of the sesquichloride of iron is doejior in tlie 
heat), allow to cool completely in the stream of carbonic acid; to Inmfn 
the cooling the tlask may be immersed in cold water ; then dilute tlic con- 
tents with water, |)Our off and wa.sh carefully into a beaker, leaving I'cliinl 
any undissolvcd zinc, and also (as far as j) 0 ssible) any docks ol lead ilmt 
may have separated from the zinc, and j)rocccd as directed in § ll-t" 
If the solution contains metals precipitable by zinc, these will scpanitc, 
and may render filtration neces.sary. In this cxise the filtrate ninst l)nagiii| 
heated with zinc, before using the standard solution. If iron-fn e zinc 
cannot be procured, the percentjige of iron in the metal used must be e C' 
termined, and weiglied portions of it employed in the process of rcdnctiont 
the known amount of iron contjiined in the zinc consumed isthen subtnic 
from the toUd amount of iron found. . ^ 1 ^ 

In the analysis of solid compounds of sesquioxide of iron, it is 
to add some zinc while they are dissolving in hydrochloric acid, 
.solution is thereby faciliUited (O. L. Erdmann*). ^ 

With respect to the reduction of sescjuichlorido of iron by aicaim 
protochloride of tin, compare h. 


h. Without Previous Reduction to Protoxide. ^ ^ 

The methods under this head all depend on adding a reducing 
the solution till the sesquioxide is entirely converted into q 

then determining the amount of the reducing agent used cither uiu^ ; 
indirectly. 


First Method. . tli 

The following modification of the several methods depending o 
employment of chloride of tin ajipears to me to bo useful. 

The following solutions are required : — 

* Joum. f. prakt. Cbem. 76, 176. 
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i a. A Standard Solution of Sesquicldoride of Tran. 

This is prepared, by dissolving 10-03 grrn. of fine piano-wire ( = 10 grrn. 
>iire iron), in hydrochloric acid in a slanting long-necked flask, oxidizing 
he solution with chlorate of potassa, removing the excess of chlorine 
^y protracted gentle boiling, and finally diluting the solution to 1 litre. 

I h, A Clear Solution of Chloride of Tin. 

\ It should be of such a strength that one volume may reduce from half 
io an ctpial volume of the sesquicldoride of iron. 

1 c. A Solution of Iodine in Iodide of Potassium, containing about 

bo5 gi-m. iodine in 1 c. c. The quantity of iodine it contains need not 
[>e exactly known. 

' The operations are as follows : — 

1. Hull 1 or 2 c. e. of the chloride of tin into a small beaker, add a 
little starch solution, and then iodine solution from the burette till the 
Buid is permanently blue. About 2 — 4 c. c. iodine will be required for 
1 c. c. chloride ol* tin.* Divide the c. c. of chloride of tin by the c. c. of 
iodine solution, and preserve the fraction obtained. 

2. Measure of! 10 c. c. of the standard iron solution into a small flask, 
add some hydrochloric acid, and heat, jireferably on an iron plate, to boiling. 
Kow add chloride of tin from the burette, at first in larger, then in 
Binallcr quantities, allowing a certain interval between each addition, and 
keeping gently boiling all the while. The yellow color becomes lighter 
liid lighter as the reduction progresses. Towards the end add the reagent 
in drops, and allow sufficient time lor their action. It is thus easy to hit 
the point of complete reduction, for the jiassiige of the yellowish solution 
into the colorless stiito is readily perceived. Cool the contents of the flask, 
add some starch-paste, and then iodine from the burette, till blue. The 
iiiiount of iodine iiscd-j- is then translerrcd into chloride of tin (by multi- 

] ing by the fraction obtained in 1 ), which is deducted from the whole quau- 
t't} of chloride of tin used, atid the remainder is the amount necessiiry to con- 
lortoq gnu. of iron from the condition of .se.squioJvide to that of protoxide. 

'J- Having thus determined the value of the protochloride of tin, we 
fii'i) employ it for our purpose as follows : Dissolve the comjmund of iron 
1“ lydrochloric acid, convert any protochloride present into sesquichloride, 
to one of the methods given, § 112, 1 , a or r, remove every trace 
>'] I ee chlorine, and lastly, to the sufficiently concentrated solution add the 

on e of tin, as dcvscribed in 2, and determine any excess of the latter, 
t'lilo our substance may then be obUtined from the 

^ _cn(.c tin used by a simple rule-of-three sum. Sup])Ose, for instance, 
of ^ of the tin solution correspond to 0-1 grin, of iron (i.c., are capable 

from sesqui- to protoxide) and 12 c. c. 
till solution have been used to reduce the unknown quantity of iron, 


, 15 : 12 :: 01 : a?; x = 008 

b'iioohl of iodine here used varies a little, according to the quantity of free 

mixed with the chloride of tin. However, the dilierencts are so 
sh ^®itwhr. f. anal. Chem. 1, 26) as to have no appreciable influence on the 
coined' ia '* 1 ^ method before us, the excess of chloride of tin that has to be deter- 

t If r 

of ir^ solution has been added at last very carefully, especially where the aolu- 

to yo*‘ceutrated, it often hapjiens that the excess of chloride of tin is too 

*^‘icle(l. ®®^|mated. But in other cases a small excess will be found to have been 
to test render the method really reliable, I consider it absolutely neces- 

deacrib ®^ces8 of chloride of tin, and, if present, to determine it in the man* 



198 


DETERMINATION. 


and the amount of iron in the siib.staiice was '08 grin, 
exceedingly satisfactory results.* 


[§ 111 


The mctliod afFur,[, 


Note on the Preservation of the Tin Solution. 

Tl the solution of protochloride of tin is kept as represented in tl|^ 
iigiteo, as far as my experience goes, its strength remains unaltered foranj 



Fig. 64. 

length of time : however, T should .still recommend its being stnndanlizel 
before every fresh .series of experiments with the known .solution of scstjui- 
chloride pi* iron. The bottle u, which contains the tin .solution, is dosd 
air-tight with a doubly perforated caoutchouc sto])p(u'. The solution is 
drawn off by means of the syplion e. The air which enters to replace it 
pa.s.ses through the U tubes and e, and the bottle (/; these all centaia 
pumice, stituratod with a strongly alkaline solution of pyrogallate ol’iietasli. 
The .solution is prepared in the ve.s.scls themselves by mixing eonowitratol 
potash with solution of pyrogal lie acid, sometime liefore the apparatus 
together; a.s the pyrogallate of jiotash ab.sorlis the oxygen of the air very 
rapidly, the ves.sel.s, after a short time, contain nothing but i)ure nitrugai. 

Wlien everything is preiiared, place a glass tube in the india-ral'l’f’' 
tube/, and suck till the syphon is full; finally close t\ui pinchceck. 
fdl a pipette, or Moilli’s burette, insert the point in the india-riihhor tube 
(having previously, in tlie ca.so of the burette, placed its pinchcock over 
the gla.ss). 0])en the pinchcock on f and the fluid will cjitor I’rouj 
below. Finally, close the pinchcock on / then that on the burette, aiu 
remove the latter. 

Second Method. 

Prepare a solution of the substance in which neither nitric acid nor Hce 
* Zeitachr. f. anal. Chem. 1, 26. 
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hlorino are present, neutralize the free aeid as much as possible by 
dditioii of solution of pobisli or soda, transfer tlie fluid to a stoppered 

whether with or without tlie undissolved residue is a matter of no 

mportaiice and add solid iodide of poUissiurn (piite free from iodate. 

rhf; quantity of the siilt added must be suflicient not merely to convert 
ihe sesqiiieldoride of iron into protochloride, but also to dissolve the 
je])arated iodine. Insert the stopper and heat tlie bottle, without opcnin<j; 
it for half an hour, preferably in a water-bath. Wlicn cold, add standard 
solution of hyposulphite of soda, till the fluid is almost decolorized, then 
add thin starch-paste, and finally more hyposulphite till the color of the 
iodide of starch vanishes. 1 eq. lilioratcd iodine corresponds to 2 eep iron 
(Fu. Moiiu,* C. D. BuowNf). Braun recommends (and Mohr, also, in 
his first paper) to standardize the hyposulphite of soda with the aid of 
Bolution of sosquiehlorido of iron of known strength, by treating a quantity 
contiiining (hi iron (10 or 20 c. c.) exactly as above directed. We tlins 
find immediately the relation between the hyposulphite of soda solution 
and iron dissolved to sesqnicliloridc. In his latter paper, Fr. Mohr recom- 
nieiids tlic use of bichromate of jiotasb for the purpose in question. He 
dissolves 4’9 19 gnu. fused biebrornate to 1 litre, and employs 20 c. c. of 
this solution for the experiment. This is transferred to a sto])pered bottle, 
mixed with hydrochloric acid and iodide of potassium, digc'sted lialf an 
hour at a gentle heat, and tlnm hyposulphite is added from the burette till 
the iodide of starch reaction vanislies. The Ityposulpliitc solutioit .should 
bo of such a strength tlmt about 20 c. c. may be used in this experiment. 
This quantity corresponds to 0*112 grm. iron (present in the form of 
Bcsquisjilt). 

The test analyses cited by Mohr are siitisfactory, likewise the numlmrs 
obtained by Braun. The la^snlts which I obtained myself were also (piit,© 
miexccptionable, when the experiments were performed under like circuiu ■ 
stances; but the results became somewhat irregular, when the degree ol dilu- 
tion and the pr()[)ortion of hydrocldoric acid much varied. 

TJiird Method [after Krkmkic and LanuoltJ). 

The process depends on tlio well known action of hyposulphite of soda 
on solution of ses([uio.xide of iron. The novel and characteristic feature 
ol the method consists in this, that the reaction tttkes place in an acetic 
iioid solution or in a hydrochloric acid solution after addition of acetate ol 
soda, and that we are thus enabled to determine the excess of liyposul- 
phito of soda with solution of iodine. For while a solution of hypo- 
sulphite of soda is very soon <lecoinposed on addition of hydrochloric acid 
^itli separation of sulphur and formation of sulphurous acid, this is not 
t e case on addition of acetic acid, or, at legist, such dcoonq)osition does 
commence till alber some time. The action of hyposulphite o( soda 
ou sosquichloride of iron takes place in accordance with the following 
^l^ation : Fe,Cl^ + 2 (NaO,S/),) == 2 FeCl + NaO, 4- NaCl. It is com- 
P^teatthe ordinary temperature. The duration of the brownish-violet 
^^ation depends on tlie conoentration of the Iluids, but principally ou 
temperature ; it ia considerably shortened by elevuition ol the latter, 

Fharm. 113, 257 ; Zeitschrift f. anal. Chem. 2, 243. The 
contama the method in its rudimentary, the latter in its present form, 
pfoce^;, Prakt. Chem. 81, 423; Zeitschrift f. anal. Chem. 1, 35. The above 
toatiAn "L* found completely described with reference to its application in the esti* 
of nitric acid. 

t Journ. f. jorakt. Chem. 84„ 339 ; Zeitschrift f. anal. Chem. 1, 214. 
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The temperature sliould not exceed 25°, otherwise the decomposition o 
the hyposulphite by the free acid will be inconveniently favored, nor come 
short of 15°, or the reaction will go on too slowly. Dilution, witliiiuei. 
tain limits, is not detrimental ; but if a solution of sesquichlorido of iroi 
contains less than 0-00012 grin, in 1 c. c., the results come out decidoHj 
too low. On the other hand, the iron solution must not be too stron^r^ 

i.t’., it should not contain more than O'Ol grm. iron in 1 c. c., otlicrwii^ 
the acetic acid which will become free will not reach that degree of diln, 
tion at which it ceases to act on the hyposulphite of soda. Presoiico of a 
little sulpluiric acid is iminjurious, but if in considerable quantity this acid 
makes the results fluctuate. 

Transform the iron compound into a solution of sesquioxide free from 
free c-hlorinc (p. 18()), and containing as little free acid as possible, make 
up with water to a deflnite volume, take out an aliquot part with the 
pipette, mix it with acetate of soda, till just red, then with dilute hydro- 
chloric acid till the red color has disiippeared. Now dilute again with 
water, if necessary, add a measured quantity of hyposulphite of soda solu- 
tion (21-8 grm. in a litre), wait till the dark coloration has disappeared, 
and then throw a iragment of sulphocyanide of i)Otassium into the solution, 
If red streaks are formed, add more hyposulphite till the reduction of the 
sesquioxide of iron is flnislied. Finally, measure the excess of hyposul- 
phite with iodine solution (§ 14G, 3). Each c. c. of the solution ol' hypo- 
sulphite of soda, which lias been decomposed by the sosipiichloride of iron, 
corresponds to O*0()5t> iron. The test analyses communicated by the 
authors are stitisliictory. 

Supplement to 112 and 113. 

Besides the methods given in §§112 and 113, there are several otliors, 
especially indirect methods, liy which the estimation of iron may he 
efl'ectcd ; some of these arc old, others have been ])ro})Osed lately. lfo\'’- 
ever, as they either are in no way siqierior to those already dc.scribol, or 
And only limited application, I continc myself here to a mere brief dosciip- 
tion of the most important among them. 

1. Fuchs’s method.* The solution, which contains the iron as 
oxide, and must be free from nitric acid, is mixed with liydroehloric aciJ, 
and boiled with weighed strips of metiillic copjier, until the fluid has he- 
conic light green ; tlic quantity of iron is estimated from the los.s ol‘ weight 
of the copiier (Fe, Cl, + 2 Cu = 2 Fo Cl 4- Ciq Cl). The method only yields 
siitislactory results on the most careful exclusion of the air. The cireuin- 
stances most lUvora])le to success have been lately studied by LuWK aiK 
KoNKi, and will be described in detiiil, under tlie “ Analysis of Iren Ores, 
in the Special Fart. 

2. Tlie solution, which contains the iron as sesquioxide^ and must he 
free from metiils of tlic fifth and sixth groups, as well as from other su j- 
stiinces exercising a decomposing action upon siil})hurettod hydrogen, 
preci])itated with clear sulphuretted hydrogen water in excess, all apphei 
tion of heat being avoided. Alter a few days the precipitated sulpha*' 
deterjuined, and the amount of sescpiioxide of iron calculated tlierelm"^ 
(Fe, O, 4- IIS = 2 Fe O 4- 110 4- S). (11. Bosk). Kcsults accurate, compare 
DELKlS.f 

3. Tlie solution, which conUiins the iron as protoxide^ is mixed with soc i 

• Journ. f, prakt. Chem. 17, 160. t Chem. Centralbl. 1856, 83^- 
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tcrchloride of gold in excess, the flask closed, and the reduced gold which 
separates determined. G Fe Cl + Au Cl,,:- d Fe^ Cl^, + Au. (H. liosE.) 


§ 114 . 

Supplement to the Fourth Group. 
7. Sesquioxide of Uranium. 


If the compound in which the sesquioxide of uranium is to be deter* 
mined contains no other fixed sul)stiince.s, it may often be converted into 
pivtosesiiuioxkle (LIr (), Ur^ OJ by simple ignition. If snlphuric acid is 
present, small portions of carbonate of ammonia must be thrown into the 
crucible towards the end of the operation. 

Ill cases where the application of this method is inadmissible, the solu- 
tion of uranium (which, if it contains jirotoxide, must first be warmed 
with nitric acid, until the protoxide is converted into sesejuioxide) is pre- 
cipitated with ammonia. The yellow precijiitate formed, wdiich consists 
of hydrated (Wimotno-sesipu'oxule of uranium., is washed with a dilute 
wdution of chloride of ammonium, to prevent the fluid passing milky 
through tlie filter. The precipit4ito is dried and ignited (§ 53). To make 
quite sure of obtaining the protosesquioxidc in the pure state, the cruciiile 
is ignited for some time in a slanting position and uncovered ; the lid is then 
put on, while the ignition is still continuing; the crucible is allowed to 
cool under the desiccator, and weighed (II. Kose). 

It the solution from which the sesquioxide of uranium is to be jirecipi- 
tated contains other bases (alkaline earths, or even alkalies), portions of 
these will precipitate along with the ammonio-sesquioxide of uranium. 
I or (he measures to be re.sorted to in .such ca.ses, I refer to Section V. 

ddie reduction of the protosesquioxidc of uranium to the state of 
protoxide (IJr 0) is an cxccdlent means of ascertaining its purity for the 
piirpo.s(; of control. This reduction is effected by ignition in a current of 
hydrogen gas, in the way descrilied § 111, 1 (Cobalt). By intense ignition, 
the jiroperty of the protoxide of uranium to ignite in the air is destroyed. 
■1 he separation of sesquioxide of uranium from phosphoric acid is elYected 
'Y fusing the conq)ound with cyanide of potassium and carbonate of soda. 
f|X)n extracting tlie fused mass with water, the jdiosphoric acid is obtained 
solution, whilst the uranium is lefl as protoxide. Kno? and Arendt* 
have employed this method. 

fhe e(piivalent of jwotosesquioxide of uranium — 210-2, viz., 178-2 of 
urauuim and 32 of oxygen. In 100 parts, the compound consists of 
^ if of uranium and 15-23 of oxygon. The equivalent of protoxide of 
Ijiaiiium is G7-4j viz., 50-4 of uranium and 8 of oxygen ; in 100 parts, 
01(3 protoxide consists of 88-13 of uranium and 1 1-87 of oxygen. 


FIFTH GROUP. 

'MDE of silver OXIDE OF LEAD — SUHOXIDE OF MERCUKV — OXIDE OF 

•’'’EMCCliY — OXIDE OF COPPER — TEROXIDE OF BISMUTH — OXIDE OF CAD- 

muji— (pito-roxiDE of palladium). 

§ 115. 

„ c. , 1* Oxide of Silver. 

^ulution. 

etalhc silver, and those of its compounds which are insoluble in water 
* Chem. Centralbl. 1866, 773. 
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are best dissolved in nitric acid (if soluble in that acid). Dilute nifri, 
acid sulHces for most compounds; sulphide of silver, however, roijnirt^ 
concentrated acid. The solution is clfected best in a Hash. ('liloiid,. 
bromide, and iodide of silver are insoluble in water and in nilri( a,i,i 
To get the silver contained in them in solution, proceed as follows in- 
fuse the s<dt in a porcelain crucible (this o]^eration, though not ahsohitdy 
indispcnsjible, had better not be omitted), i)our water over it, put ^ 
piece of clean zinc or iron upon it, and add some dilute sulplnnic acil, 
Wash the reduced spongy silver, first with dilute sulphuric acid, tlidi 
with water, and finally dissolve it in nitric acid. However, as wc sliall 
see below, the quantibitive analysis of these .siilts does not neccssarilr 
involve their solution. 

b. Determination. 

Silver may be weighed as chloride^ sulphide, or cijauide, or in tld 
metallic state (§ 82). It is also frecpieiitly determined by voluiiiotrK; 
analysis. 

W'e may convert into 

1. Chloride of Silver. 

All conipounds of silver without excej»tion. 

2. SuLiMiiDK OF Silver, d. Cyanide of Silver. 

All compounds soluble in water or nitric acid. 

4. Metallic Silver. 

Oxide of silver, and .some of its com])ounds with readily volatile acih; 
salts of silver with organic acids ; chloride, bromide, iodide and sulpliiilo 
of silver. 


The method 4 is the most convenient, and is prefiTred to tlu? others iii 
all cases where its apjilieation is admissible. The method 1 is that 
generally resorted to. 2 and 3 serve mostly only o effect the siparatieii 
of oxide of silver from other bases. 

In assiiys for the Mint, silver is usually diitermined volumetrically l>y b.o- 
Lussac’s method. Pisani’s volumetric method is es])ecially suited to tlifi 
determination of very small quantities of silver. The estimation ot silve r h} 
cupcllation will be dc.scribcd in the Special Part, under the Analysis ol OalciD- 


1. Determination of Silver as Chloride, 
a. In the Wet Wajj. 

The preci|)itated chloride of silver may be separated from the 
natant fluid eitlier by decantation or by filtration; the former is gauia } 
preferred for large quantities of precipitate, the latter answers hettoi' I"' 
small quantities. Whichever process is adopted, the chloride ol silver 
be completely protected from the influence of direct sunlight, and even 
action of diffused daylight must be as far as possible avoided. 


a. Deterinination by Decantation, .^1^ 

The moderately dilute silver-solution is introduced into a tall flask j 
long neck and narrow mouth, and some nitric acid added to it; the 
is heated to about G0°, and hydrochloric acid carefully added 
quantity, that some silver still remains unpreciinteted, and the oh o 
separates in consequence in large flocks. After their l\)rmation has 
completed by gently moving tlie fluid, add cautiously more 
acid, tiU the last drops give no further precipitate (a considerable exo 
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bIiouIJ be avoided, as hydrocdiloric acid dissolves very small traces of 
chloride of silver). The mouth of the flask is then closed with a per- 
fectly smooth cork (or, better still, with a well-ground glass stopper), and 
the flask vigorously shaken until the precipitated chloride of silver has 
united into cohereiit lumps, and the supernatant fluid has become pretty 
clear. The chloride adhering to the neck of the flask is then removed by 
a-riUiting the clear fluid, and the hist traces are washed down by means of 
a°wash-bottle ; the flask is then allowed to stand at rest for twelve hours 
in a dark place at the ordinary temperature. At the end of this time the 
precipitate will have completely subsided and the fluid will be clear. The 
latter is then slowly and cautiously decanted, as far as practicable, into a 
beaker, so as to retain every particle of the chloride in the flask, whence 
it is carefully transferred to an upright smooth porcelain crucible that has 
been weighed: the last ])articles of chloride of silver are got out by ymt- 
ting a little water in the flask, closing the mouth with the finger, inverting, 
and rinsing the sides and bottom by agiUition. The ])articles thus collect 
; in the neck, and can easily be transferred to the crucible, by holding the 
mouth of the flask close over the latter, and letting the fluid run out ; 
a washing bottle with the jet turned upwards (§ 40) may also be used with 
advantage. 

When the chloride of silver has completely subsidc'd in the crucil)le, 
which is greatly accelerated by exposure to the heat of a water-bath, the 
clear sn])ornatarit fluid is carefully decanted down a glass rod into the siime 
beaker which contains the liquid of the first decantation. The chloride of 
silver in the crucible is moistened with a few dro])s of nitric acid, and then 
ti'eatecl with hot distilled water ; the chloride is again allowed to sub- 
side, the clear supernatant fluid again de(‘anted, and the same operation 
repeated until a drop of the la.st decanted fluid no longer gives the slightest 
turbidity with nitrate of silver. The supernatant fluid is then re- 
moved as completely as jmssilde by means of a j)ipette, or by cautious 
decantation ; the chloride is thorouglily dried on the water-bath, and sub- 
pequcritly heated to incipient fusion over the lamj), Liking care to apjdy a 
very gentle heat at first; as soon as the chloride begins to fuse round the 
Wder, the crucible is allowed to cool, and weighed. 

To remove the mass from the crucible, completely and without injury 
fo the latter, a piece of iron or zinc is jdaced upon the chloride, and highly 
dilute hydrochloric or sulphuric acid added. The crucible is finally 
dcansed, dried, and weighed, if this lias not been done before the opera- 
tion. Should the liquids successively decautod from the chloride of silver 
be perfectly clear and transparent, they are kept standing in the cold 
^mtil the last particles of chloride have completely subsided, which fre- 
|lHently requires many hours; the clear supernatant fluid is then decanted, 
•'Jif file deposited chloride added to the bulk of the prccij)itatc in the 
crucible, the whole washed and treated as above ; or — and this is a 
expeditious way — .the minute quantity of chloride is collected 

3, small filter, treated as directed iu and added to the principal 

‘Amount. 

^etet^iination hy Filtration. 

^^^^C)ride of silver is precipitated and allowed to subside as in a ; 
P .^^T^miutunt fluid is then passed through a small filter, to which the 
subsequently transferred, with the aid of a little hot water 
with nitric acid; the precipiUite collected on the filter is 
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washed, first with Avater acidulated with nitric acid, ailerwnrds ^viili 
pure water ; it is then thoroughly dried, the contents of tlie fiber are 
transferred as coiupletcly as possible to a small porcelain crucible, uik] 
filter itself is burnt on the lid. lu this operation some of the chloride 
always reduced, the ash is therefore added to the chloride in the cruciliip 
together with two or three drops of dilute nitric acid : lieat is apjilied fur a 
short time, and then a dro[) or two of hydrochloric acid added ; lastly 
lieat, at first gently till dry, then to incipient fusion, and weigh. 

For the properties of the ja ecipitate, see § 82. Both methods gii o very 
accurate results, unless large quantities of such sidts are present as have 
the jiroperty of slightly (lissolving chloride of silver, com])are § 82. In 
order to be quite s;ife in this connexion, it is advisid)le to test the clear 
filtrate with sulphuretU'd hydrogen before throwing it away. 


h. In, the Dnf Waij. 

This method servos more exclusively for the analysis of broniidi! and 
iodide of silver, although it can be applied in the case of oilier 
compounds. 

The proecs.s is conducted in the apparatus illustrated by fig. (»h. 



Fig. 65. 


(t is an apparatus for di.sengaging chlorine; h contaiirs eoiieoiiti 
sulphuric acid, c chloride of calcium ; d is a bulb-tube intended lut 
reception ol the iodide or liromide of silver; and c serves to conduct the 
chlorine gas into the open air or into milk of lime. The oju'iatioi' ^ 
commenced ])y introducing the compound to be analysed into the hiu-^' 
and applying heat to the latter until its contents are fused ; when cold, the 
tube is weighed and connected with the apparatu.s. ('hlorinc gas i^ 
evolved from a; when the evolution of the gas has proceeded for 
time, the contents of the bulb are heated to fusion, and kept in tliis 
for about fifteen minutes, agitating now and then the lused mass. 
bulb-tube is then removed from the apparatus, allowed to cool, au‘^ 
in a slanting position to re])lacc the chlorine by atmosidicric air; it 
scquently weighed, then again connected with the apparatus, am 
former jirocess repeated, kcejiing tlic contents of in a state of 
a few minutes. The operation may, in ordinary cases, be considcre c 
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sluded if the weight of the tube suffers no variation by the repetition of 
[he process. If the highest degree of accuracy is to be attained, licat the 
tjhloride of silver again to fusion, passing at the same time a slow stream 
pf pure, dry, carbonic acid through the tube, in order to drive out the 
^aces of chlorine absorbed by the fused cliloride. Allow to cool, hold 
obliquely for a short time, so as to replace the carbonic acid by air, and 
tmWy weigh. See § 82. 

2. Determination as Sulphide of Silver. 

Sulphuretted hydrogen precipiUites silver completely from acid, neutral, 
^nd alkaline solutions; sulphide of ammonium precipitates it from neutral 
^nd alkaline solutions. Kcccntly prepared perfectly clear solution of 
^sulphuretted hydrogen may be employed to precipiUite small quantities 
!of silver; to precipitate larger quantities, the solution of the salt of silver 
■(wliich must not be too acid) is moderately diluted, and washed siil- 
Iphurctted hydrogen gas conducted into it. After complete precipitation 
'has been effected, and the sulphide of silver luis perfuitly subsided (with 
‘exclusion of air) it is collected on a weighed fdter, washed, dried at 100°, 
and weighed. For the pro])orties of the precipitate, see § 82. This 
method, if properly executed, gives very accurate results. The oj^erator 
must take care to filter quickly, and to prevent the access of air as much 
as possible during the filtnition, since, if this precaution be neglected, 
sulphur is likely to separate from the sulphuretted hydrogen water, which, 
of course, would add falsely to the weight of the sul])hide of silver. 

The sulphide of silver miLst, however, never be weighed as just 
described, unless the analy.st is Scitisficd that no .sulphur has fiillen down 
with it, as woidd occur if the fluid contained hyponitric acid, se.squioxide 
of iron, or any other substance Avhich decompo.ses .suljdiuretted hydrogen. 
In case the precipitiite does contain admixcid sulphur, the simplest process 
h to convert it into metallic silver (II. For this purpose it is 

transferred to a weiglu'd porcelain crucible, the filter ash is added, and 
the whole is heated to redness in a stream of hydrogen, the apparatus 
described in § 108 being employed. Kesults accurate. 

Should the apparatus in question not be at the operators disposal, he 
inay, after complete wjushing of the precipitate, carefully rinse it into a 
porcelain dish (without injuring the weighed filter), he;it it once or twice 
^ith a moderately strong solution of pure sulphite of soda, rc-tran.sler the 
precipitate (now freed from admixed .sulphur) to the old lifter, wash well, 
<lry and weigh (J. LdWEf) ; or he may treat the dried precipihite, together 
^ith the filter-ash, with moderately dilute chlorine-free nitric aidd at a 
gentle heat, till complete decomposition has been effected (till tlui uiidis- 
Boved sulphur has a clean yellow appearance), filter, wash well and 

proceed according to 1 . 


'‘^^^^ination as Ci/anide of Silver. 

neutral or acid solution of silver with cyanide of potassium, 
add . cyanide of .silver wdiich forms at first is redissolvcd ; 

^®rd in slight excess, and apply a gentle heat. After some 
0) collect the precipitated cyanide of silver on a weighed filter, wash, 
y at 100°, and weigh. For the properties of the precipitate, see S 82. 
® results are accurate. 


Metallic Silver. 

^ 0 of silver, carbonate of silver, &c., are easily reduced by .simple 
Pogg. Annal. 110, 139. f Journ. f. prakt. Ghem. 77, 73. 
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ignition in a porcelain crucible. In the reduction of salta of silver vitli 
organic acids, the crucible is kept covered at first, and a moderate In;,- 
applied; after a time the lid is removed, and the heat increased, nnjii 
the Avhole of the carbon is consumed. For the properties of the rosidup 
see § 82. The results are absolutely accurate, except as n^gards salts of 
silver with organic acids ; in the analysis of the latter, it not unfreinn ndy 
happens that the reduced silver contains a minute portion of carlxjii, wliiJi 
increases the weight of the residue to a trilling extent. * 

If it is desired to transform cliloride, bromide, iodide, or sidphido nf 
silver into metallic silver, for the purpose of analysis, they are heated in 
a current of jmre dry hydrogen to redness, till the weight rciiiaiiis con- 
stant. The process may be conducted in a porcelain crucilih; or a hnlli- 
tube. In tlie former case, the ap|)aratus described § 108, lig. No. 01 or (.2, is 
used; in the latter the apparatus represented p. 201, with the sulistitiitioii, 
of course, of hydrogen for chlorine. If the bulb-tube is used, it must, 
after cooling and before being weighed, be held in an incliiHxl position, so 
that tlie hydrogen may be replaced by air. The results are perlectlj 
accurate. 

5. Volumetric Methods. 


1. Gay-Lussac’s. 

This, the nio.st exact of all known volumetric j)rocesses, was introdiirrd 
by (I.w-Lcssac as a .substitute ftn* the as.sav of silver by cnjudlatioii, was 
thoroughly investigated ])y him, and will be found fully deserihod in 
his work on the subject. This method has been remh'red still more 
precise by the re.soarchos of G. d. Muldkk, to wliosc; exhaustive; iiioiiogriiili* 
I la.'fer the special student of this bninch. 1 shall here coniine iiiyscll to 
giving the process so far as to suit the requirements of tin; chemical lalio- 
ratory, Uiking only for granted that tin; analyst has the ordinary mcasiirini; 
apparatus, d(:c., at his disjxxsal. Muldku’s results will be made use ot to 
the ftdl extent possible under these circunistjinccs. 

a. KEquisiTKS. 

a. Solution of chloride of sodium. 

ft'ake chemically pure chloride of sodium — eitlier artilicially proparitd 
or pure rock-salt — powder it roughly and ignite moderately (net to 

riisioiit). ^ ^ 

Now dissolve 5’4145 grm. in di.stilled water to 1 litre, measured at U' ■ 
100 c. c. of this solution conUiins a (piantity of cldoride of sudiuti'i 
e(pdvalent to 1 grm. of silver. 

The solution is kept in a stoppered bottle and shaken before use. 

ft. DiXtIMAL solution OF CHLORIDE OF SODIUM. 

Transfer 50 c. c. of the solution de.scribed in a to a 500 c. c. niw* 
.suriiig llask, fill up to the mark with distilled water and shake, kjj' 
c. c. of this decimal solution corresponds to O’OOl grm. silvxT. 
measuring must be performed at 1 6°. 

Tlie solution is kept as the other. 

* Die Silberprobinnethode, (see note, p. 122.) 

t On fusion, if the fiaine can in the least way act uf)on it, it takes an uydro* 
tion, since under the influence of vapor of water and carbonic acid, a httm 
ciiloric acid ig formed and escapes, while a corresponding quantity of carbonate o 
remains, 
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y. Decimal silver solution. 

Dissolve 0-5 grrri. chemically pure silver in 2 to 3 c. c. pure nitric acid 
)f 1*2 sp. gr., and dilute the solution with water exactly to 500 c. c. 
measured at 10°. Each c. c. contains 0-001 gmi. silver. The solution 
is kept in a stoi)pered bottle and protected against the influence of light. 


I Test-bottles. 

These should be of white glass, holding easily 200 c. c., closed with 
ts'cll-ground glass- stojjpcrs, running to a point below. The bottles tit 
into cases blackened on the inside, and reaching up to their necks. In 
order to protect the latter also from the action of light, a black-cloth cover 
is employed. 

h. Principle. 

Suppose we know the value of a solution of chloride of sodium, t.e., the 
quantity that is necessary to precipitate a given amount of silver, say 
1 grni., we are in the position, witli the aid of this solution, to determine 
Bii unknown amount of silver, ibr if we jmt x for the unknown amount 
of silver, then 

c. c. of solution used for 1 grm. : c. c. used for a- 1 grm. : x. 


But if we examine whether 1 e(p chloride of sodium dissolved in water 
Actually prccipitJitcs 1 cq. of silver di.ssolved in nitric acid exactly, we 
find that this is not the case. On the (contrary, the clear supernatant fluid 
gives a small ])recipitate both on the addition of a little solution of chloride 
of sodium, and on the addition of a little silver-solution, as Mulder has 
inost accurately determined. The v;ilue ol‘ a .solution of chloride of 
sodium ill the sense explained above cannot, therefore, be reckoned from 
tlie amount of salt it contains, by c.-ilenlating 1 eq. silver for 1 eq. 
chloride of sodium, but it can only be obtained by experiment. jMuldeu 
has shown, that tlie temperature and the degree of dilution have some 
inlluence, and also that this fiict is to be explained on the ground of the 
Solvent power of the nitrate of soda produced on the chloride of silver. 
In the solution thus formed we have to imagine Na 0, N 0^ and Na Cl 
with Ag 0, N (3j in a certain state of equilibrium, which, on the addition 
either Na Cl or Ag (), N O is destroyed, chloride of silver being 
l-rocipitated. b , 5 j 


hrorn this interesting observation it follow.s, that if to a silver-solution 
add at first concentrated solution of chloride of sodium, then decimal 
soiition drop by drop, till the exact point is reached wdicn no more 
pecipit^^tg appears, now, on addition of decimal silver-solution a small pre- 
|'|pitatc) will be again produced; and if we add the latter drop by dro[), till 
‘e ast drop occasions no turbidity, then again decimal solution of chloride 
^ «Knini will give a small precipitJite. On noticing the number of drops 
thc^^V solutions whicli are required to pass from one limit to 

wve find that the same number of each are used. Let us 
added decimal solution of chloride of sodium till it 
and had then used 20 drops* of decimal silver-solution, 
20 (1 produce a further turbidity, wc must now again add 

^iticimiil solution of chloride of .sodium, in order to reach the 
cea.sos to react. Were we to add only 10 instead of 
dro[)s, we have the neutral point, as Mulder calls it, i.e., the 

Twenty drops from Mulder’s dropping apparatus are equal to 1 0 , c. 



DETERMINATION. 


208 


[§ 115, 


point at wliich both silver and chloride of sodium produce equal pre. 
cipitates. 

We have, therefore, .3 different points to choose from for onr final 
reaction: a, the point at Avliicli chloride of sodium has just, 
precipitate the silver ; ft, the neutral point; c, the })oint at wliicli silver 
solution has just ceased to precipitate chloride of sodium. Whicliovor ve 
may choose, we must keep to it, i.e., we must not use a different point 
in standardizing the chloride of sodium solution and in })eir()niiiiig 
an analysis. The difference obtained, by using first a and then h ijJ 
according to Muldeh, for 1 grm. silver, at 16”, about ()'5 ingrin. silver; by 
employing first a and then c, as was permitted in the original process of 
Gay-Lussac, the difference is increased to 1 mgrm. 

For our object, it ajqjcars most convenient to consider, once for all, flio 
point a as the end, and never to finish with the silver-.solutioii. If tlie 
point has been overstepped by the addition of too largo an aiiioiint of 
decimal solution of chloride of sodium, 2 or 3 c. c. of decimal silver-solution 
should be added all at once. The end-point is then found by carefully 
adding decimal solution of chloride of sodium again, and the quantity of 
silver in the silver-solution added is reckoned from the original amount 
of silver weighed in making the solution. 


c . Performance of the Process. 


This is divided into two operations — a, the fixing of the value of the 
chloride of sodium solution; /5, the assiiy of the silver alloy to be 
examined. 


a. Determination of the v.\lue of the Chloride of Sodium solu- 
tion, i.e., its power of precipitating silver. 

Weigh off exactly from 1‘0()1 to 1*0()3 grm. chemically pure .silver, put 
it into a test-bottle, add 5 c. c. perfectly pure nitric acid, of 1'2 sp. pn’., and 
heat the bottle in an inclined position in a water- or sand-bath till com- 
plete solution is effected. Now blow out the nitrous fumes from tlio 
upper part of the bottle, and after it has cooled a little, place it in a stream 
of water, the temperature of which is about 16^ and let it renmiii there 
till its contents are cooled to this degree, wipe it dry, and place it m its 


Now fill the 100 c. c. pipette with the concentrated solution of chloride 
of sodium, which is then allowed to flow into the test-bottle containing 
the silver solution.* Insert the glass-stopper firmly (after moistening it 
with water), cover the neck of the bottle with the cap of black stim 
belonging to it, and shake violently without delay, till the chloride oi 
silver settles, leaving the fluid perfectly clear. Then take the .stopper out, 
rub it on the neck, so as to remove all chloride of silver, replace it firim}j 
and by giving the bottle a few dexterous turns, rinse the cliloride down 
from the upper |jart. After allowing to rest a little, again reiuuyo the 
stopper, and add, from a burette divided into c. c., decimal cliloridc o 
sodium solution, allowing the drops to fall against the lower part ul tlic ncc 
the bottle being held in an inclined position. If, as above directed, 1601 to 
1-003 grm. silver have been employed, the portions of chloride of sodiu 
^lution at first added may be \ c. c. After each addition, raise the hot e 


a little out of its case, observe the amount of precipitate i)roduced, 


shnhn 


* The pipette, having been filled above tbe mark, ibould bo fixed in a support, hefb^ 
the excess is allowed to run out, otherwise the measurings will not be sufficiently accu 
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till ilie fliiitl has become clear a^ain, and proceed as above, before adding 
each fresh quantity of chloride of sodium solution. The smaller the 
precipitate produced, the smaller sliould be the quantity of chloride of 
Bodium next added ; towards the end only two dropis should be added 
each time; and quite at the end read off the height of the lliiid in the 
Iburettc before each furtlier addition. When the last two droii.s give no 
iiiioro precipitate, the jirevious reading is the correct one. 

Jf liy chance the point has been overstej)ped, and the time luis lieen 
missed lor the proper reading off of tlie burette, add 2 to d c. c. of the 
decimal silver solution (the silver in which is to be added to the quantity 
first weighed), and try again to hit tlie point exactly by careful addition of* 
decimal chloride of sodium solution. 

The value of the chloride of sodium solution is now known. Iveckon 
it to 1 grin, silver. 

Suppose we liad used for 1’002 grm. .silver lOO c. c. of concentrated and 
3 0 . c. of decimal chloride of sodium solution; this makes altogether 100’3 
of concentrated ; then 

1-002 : 1-000: : 100-3 : .r 
I a; 100-0008 

We may without scruple put 100-1 for this number. We now know that 
1001 0. G. of the concentrated solution of cliloride of .sodium, measured 
at 1()“, exactly predpitates 1 grm. of silver. This relationship .scr\'es as 
the foundation of the calculation in ai-tual a.ssaying, and must be re- 
examined whenever there is re.ason to imagine that the strength of tliQ 
chloride of sodium .solution may have altered. 

/3. Thk actual assay of TifK Silvfh-Alloy. 

Wliigh off .so much as contains about 1 grm. of silver, or bettor, a few 
^^■>grm. more;* di.s.solvc in a test-bott'lo in 5 to 7 c. c. nitric acid, and 
proceed in all resjiects exactly as in a. 

Suppose wo had taken Mlti grm. of the alloy, and in addition to the 
c. c. of concentrated chloriih* of sodium solution, hatl luscd h c. c. of 
tie ilute (-0-5 concentrated), how inucli silver would the alloy contain? 

resinning that we i^e the .saim; chloride of .sodium solution which served 
as our exanqile in a, lOOT c. e. of which 1 grm. silver, then 

100-1 : 100-5 : : 1 000:ar 

1-00300G (say 1-001). 

may also arrive at the .same result in the following manner : — 

Pnr +L ^ Cl Solution. 

^ P^’ticipitfition of the .silver in the alloy were u.sed 100-5 c. c. 

1 grill, silver are necessary 100-1 c. c. 

Difference 0-1 c. c. 

about 1 consist of 9 parts of silver and 1 part of copper, therefore take 

to ih^ f weighing off alloys of silver and copper, which do not cor- 

hoin ^ fhq (standard = we must reinemher that they are 

^oiiis are ^he mass ; thus, for instance, the pieces of metal, from which 

^banattho *^?*^®^* often show T.'i to T? in a thousand more silver iu the middle 
be tak^* assaying alloys, then, portions from various parts of the mass 

the order to get a correct result. The inaccuracy, however, proceeding 

and ®'Oove-nientioned, can only be completely overcome by fusing 
ing out a portion from the well-stirred mass for the assay. 

P 
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There are, therefore, 4 mgrm. of silver present more than a grm.^ 
the presumption that OT of the concentrated chloride of sodium solutinr 
( ™ 1 c. c. of the decimal solution) corresponds to 1 mgrm. silver. Thi! 
supposition, although not absolutely correct, may be sjilely made, for 
inexactness it involves is too minute, as is evident from the [)revi(His 
calculation. 

Before we can execute lids ])rocess exactly, we must know the rpi'miitv 
of silver the alloy contains very a[)proximately. In assiiying (oins of 
known value this is the case, but with other silver alloys it is nsuallv int 
so. Under the latter circumstances an a])|)roximate estimation inii^t 
precede the regular assay. This is performed by weighing off l grin, (or 
in the case of alloys that are ])oor in silver, 1 grm.), dis.solving in ,‘1 to 
C c. c. nitric acid, and adding from the burette chloride of sodium solmion, 
— first in larger, then in smaller quantities — till the last droj)s product! ny 
further turbidity. The last dropis are not reckoned with tht; re.st. The 
Operation is conducted, as regards shaking, i^c., as |)revionslv given, 
Suppose we had weighed otf 0-5 grin, of the alloy, and emjtloyod 2;! e, c. 
of the cldoride of sodium solution — taking tlie above supf)Osc(l value of 
the latter — 

We have 100*1 : 25 : : l-OOO : x 

X- 0*2 197 


that is, the silver In *5 grm. of the alloy; and as to the tpiantity of alloy 
we have to weigh off for the as.say proper. 

We have *2197 : UOOd : : *5 : x 

X - 2*008. 


This quantity will, of (‘onr.se, rerpiire more nitric aeid for solution tli.'iii 
was jxevioiisly used (us(; 10 e. c.). In eases wluuai the higlu'st degree of 
accuracy is not required, the r(*sults afforded l)y this rough prermiin.'irj . 
estimation will l)eacrunite enough, if the ex])eriment is carefully condiieted, 
since they give the quantity of silver present to witliin , or - 

Witii alloys wliieh contain suljdiur, and with .such as consist of gold 
and silver, and (vontain a little tin, Bkvol* employs concentrated sididiiiric 
acid (about 25 grm.) as solvent. The j)ortion of the alloy is boiled with 
it till dissolved ; aft(x cooling, the fluid is timatcd in the usual nuiiinor- 
As, how(;ver, conoentraUid sulphnric acid lliils t(^ dissolve all the silui 
when there is inimli cop{)er j)resent, Mascazzini*!* dige.sts the vveigli'd 
portion of alloy (whi(.*h may contain small (piantitit's Of lead, tin, -in'i 
antimony, besides gold) first witli the least j)ossible amount of nitrie 
as long as red vap(jrs are formed ; he then adds (toneentrated sulplnii'C 
aeid, boils till the gold lias settled well togetlicr, adds water tiller cooling! 
and then 2 )roeeeds to the asstiy. 


2. PrsANi’s Mktiioi).| 

This proc('ss depends on the 'following retiction : a solution efiodnj*' d 
sturch add(sl to a neutral solution of nitrate of silver, forms iodide of nilvt^ 
and (in all probability) iodate of silver. The liliie color coiiscipicn'O 
vanislies, juid on continued addition of the iodide of starch, the llnid'n^^'^ 
not be(*ome permanently blue till all the nitnito of .silver |)rescnt is decoiii' 
posed in the above manner. The iodide of starch solution used is 

" * Annal. de Chini. et de Phys. 3 8^r. 44, 347. 

t Chem. Centralbl. 1857, 300, X AnoaL d. Min., x. 83. 
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IbrG proportioiitil to tliG (jnnntity of iiitnitG of silver. Hence, if the v«ilno 
oftlie iodide of starcdi solution be determined, by allowing it to act on a 
certain amount of silver solution of known strength, we shall be able to 
estimate unknown quantities of silver with the greatest ease, jirovidod that 
tlie silver solution is free from all other substances which exert a decom- 
posing action on the iodide of starch. Besides the ordinary reducing 
aironts, the following salts must be esp(>cially mentioned as possessing this 
power: the salts of* suboxidc and protoxide of mercury, of protoxide of 
tin, of teroxide of antimony, of arsenious acid, of protoxide of iron and of 
protoxide of manganese, also chloride of gold; salts of lead and of cojiper, 
Ion the other hand, do not affect iodide of starch. 

: The iodide of starch is prepared as follows : make an intimate mixture 
in a mortar of 2 grin, iodine and 15 grm. starch with the addition of fi 
to <S drojis of water, and heat the slightly-moist mixture in a closed flask 
iin a water-bath, till tlic original violet-blue color has passed into dark 
greyish blue— it takes alioiit an lionr. The iodide of starch thus prepared 
Is then digested with water; it dissolves completely to a deep bluish-black 
fluid. 

The value of this fluid is determined by allowing it to act on 10 c. c. 
ol a neutral solution of nitrate of silver, containing 1 grm. of pure silver 
in 1 litre,— the silver solution is mixed with a little pure precipitated 
ciirhonate of lime bd’ore adding the iodide of starch. The strength of 
tills latter is right, if 50 to (ID c. c. are used in this experiment. On 
Jidding it, at first the liluo eolor di.sjippears rapidly, and the fluid becomes 
}elh)\\ish from the iodide of silver, ^fhe end of* the o])oration is attained 
soon as the fluid is liluish-grcen. The point is pretty e.a.sy to hit, and 
fill error of ()'5 c. c. is of no importance as it only corresponds to about 
d) I gnu. silver. The carbonate ol lime, besides neutralizing tlie free 
fX'id, has tlie effect of rendering tlie final change of the color more dis- 
tuietly observable. To analyse an alloy of silver and eopixir, dissolve 
J^l'oiit (Juj grm. in nitric acid, dilute to IDO c. c. to lower the color of the 
J'Tper, saturate 5 c. e. with carbonate of lime and add iodide of starch till 
coloration appears. Or, you may determine very aj)proximately the 
^ ^’* solution, then precipitate tlie greater part 

[il' Ti ' -'i silver from 50 c. c. of the solution with standard solution 

1 ^ c iloride of sodinin, filter (for the chloride of silver also exercises a 
action), and estimate the remainder of the silver by means 
icO’h) ^ir fitci amount ot silver to be determined is more than 

-ise ‘‘il"'JbVs better to employ the latter method. In the 

is'ii,.! solution containing silver with lead, the latter metal 

is , 1 ( 1 1 ''vith sulphuric acid and filtered off, cuirbonate of lime 

buiii! ff ^ ^^Itrate till all free acid is neutralized, the fluid is filtered 
iiio iodi more carbonate of lime is add('d, and then 

Olio 1 starch. Very dilute solutions must be concentrated, so that 
liave no more than from 50 to 100 c. e. to deal with. The 
1 1 ^^ IS Worthy of notiee and specially suited for the estimation of small 
^'-s'llts silver. With such it has afl’ordcd me 2 icri*ectly satisfactory 

‘^diiie sbirch, a dilute .stjiudard solution of 

't'si'iTva? * , potassium may be equally well emiiloyed, — with addition 

solution (Field*). 

* Chem. News, ii. 17. 
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2. Oxide of Lead. 

a. Solution. 

Few of the salts of leaf! are solul)Ie in water. Metallic lentl, oxidofif 
lead, and most of the sjdts (d* lead that arc insoluble in water dissulve 
in dilute nitric acid. Concentrated nitric acid etfects neither e()ni|,l,to 
decomposition nor complete solution, since, owing to the iiiseludility 
of nitrate of lead in concentrated nitric acid, the first ])ortioiis oi nitnito 
formed protect the yet nndecompos(Hl parts of the sidt from tlio action of 
the acid. For the solubility of chloride jmd sulphate of h'ad, se(' § s;;, 
As Avc shall see below, the analysis ot the>;o compounds may !)(' etlccioi] 
without dissolving thi'in. Iodide of lead dis.solves readily in iiKMlciiitolv 
dilute nitric acid upon a])plication ot heat, with sc'paration el imlino, 
Solution of potassa is the only menstninm in which chromate of Id 
dissolves without decomposition ; for the ])urpose of analysis, the ehroiiuite 
is best converted into the chloride (see below). Sulphide ot lead iiiay he 
converted at once into sul[)hate (sec § lid, 2), 

h. Jletermination, 

Lead m;iy be determined as oxide, snlphdte, chromate, sulphide, chlontlf, 
or as oxide of lead + lead ; also by volumetric analysis. 

We may convert into 

1. Oxide of Lead. 

a. B/i Preripifafiou. 

All .stilts of lead soluble in water, and those of its salts W’hi(’h, Iiis(dnhl(’ 
in that men.struum, dissolve in nitric acid, wdth separation of their add. 

h. ])!/ [(firition. 

a. Salts of lead wdth readily volatile or decomposable inorganic acIJa. 

ft. Salts of load with organic acids. 

2. Sulphide of Lead. 

All sjdts of lead in solution. 

d. SuiA’iiATE OF Lead. 

a. Bp Precipitation. 

The .s.‘dts that are imsolnble in water, but soluble in nitric acid, whO''-' 
acid cannot be separated from the solution. 

h. Bp Kvajwration. 

u. All the oxides of lead, and ahso the sjilts of lead with volatile acid'- 

ft. Many of the organic compounds of lead. 

4. Chromate of Lead. 

The compounds of lead solulde in 'water or nitric acid. 

5. Chloride of Lead. 

Chromate, iodide, and bromide of load. 

C. Oxide of Lead + Lead. 

Many of tlic organic compounds of lead. 

The application of these several methods must not bo understood 
rigorously confined to tlic com|jounda specially enumerated under 
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respijctive heads; thus, for instance, all the compounds onnmerated siil) 1, 
juay likewise bo determined as sulphate of lead ; and, as above mentioned, 
all soluble compounds of lead may be converted into sulphide of lead ; 
also ill .sulphate of lead the lead may be without dilTiculty determined as 
siilpliidc. Chloride, bromide, and iodide of lead arc most convenitmtly 
rediR'uil to the metallic state in a current of hydrojircn gas, in the manner 
idescrilied § Ho (Keduction of chloride of silver), if it is not deemed 
'pivf rable to dis.solvc them in water, or to decompose them by a boiling 
solution of carbonate of soda. If the reduction method is resorted to, the 
luiui applied should not be too intense, since this miglit cause some 
chloride of lead to volatilize. 

The higher oxides of lead are reduced by ignition to the sbite of simjde 
oxide, and may thus be readily'’ analysed and di.s.solved. Should the 
operator Avish to avoid having rccour.se to ignition, the mo.st simjile mode 
of dis.solving the higher oxides of lead is to act upon them with dilute 
iiitrie acid, with the addition of alcoliol. For the methods of analvsing 
sullhate, chromate, ioilidi;, and bromide of lead, I refer to the ]Aaragraphs 
treating of the corresponding acids, in the second ])art of this S(;ction. 
To cHoct the estimation of lead in the oxide and in many'' «ilts of lead, 
osjK'cially also in the sidphatag the compound under examination may 1)e 
fn.se(i with cyanide of pota.ssium, and the metallic lead obtiiined Avell 
Avashod, and Aveighed. From the sulphide also the grcJiter portion of the 
lead may be separated by this method, but never the Avholc (H. Rosr:*). 

1. DeU'nnination as Ojcide. 

(I. Bfi Precipitation. 

Mix the moderately dilute solution Avitli carbonate of ammonia f slightly^ 
ill exce.ss, add some caustic ammonia, a[)ply a gentle heat, and, after some 
time, lilter. Wash the preci[)itato Avith j)urc Avater, dry, and ignite in a 
]Mircelaiu crucible, having previously incinerated the filter on the lid. For 
tlio projjcrties of the precipitate and residue, see § 83. The results arc 
satislactory,^ although generally a trifle too low, oAving to carbonate of lead 
iiol being absolutely insoluble, particularly in fluids rich in ammoniacal 
stilts (Kxpt. No. 47). A small and thin filtcu' should be used, and care 
fikcii to remove the preci})itate as completely as ju'acticable before proeeed- 
j'ln incineration ; otlierAvi.se additional loss of substance might be 
meurred, from reduction of the adhering particles of the cairbonate to 
iimtallic lead. 

1). Bi/ Tijnition. 

1 oiujjounds like carbonate or nitrate of lead are cautiously igniled in a 
porccdaiii crucible, until the Aveight remains constant. For the manner of 
converting s^dts of lead Avith organic acids into oxide, see G. 

Petermination as Sulphide. 

nad Dijiy ijQ completely ]>recipitated from acid, neutral and alkaline 

ntions by sulphuretted hyalrogen, and also from neutral and alkaline 
I’’ ntioiis by sulphide of ammonium. Precipitation from acid solution is 
ly employed, especially in separations. A large excess oi acid and 
warming should both bo avoided. The former is prejudicial to com* 

i Q . * Pogtf* Annal. 91, 104. 

lead ammonia, which has been so highly recommended as a precipitant for 

Win! delicate as the carbonate. My experience in this respect coincides 

Mohr’s (Expt. No. 48). 
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])lete precipitation (§ 83, /) the latter may readily occasion tlio re-solntinii 
of the sulphide that has already been precipitated. In order to ijiianl 
against incomplete precipitation, before filtering, test a ])ortion ol the supir. 
natant fluid by mixing with a relatively large quantity of strong Mil. 
phiiretted hydrogen water; of course the mixture should remain clear. 

After the sulphide ha*^ been filtered off, washed with cold water and 
dried, it is transferred, together with the filter-ash, to ai)orc(dain (vrii( il)|,.,:i 
little sulphur added, and ignited in hydrogen till its weight is consiant. 
It should always be allowed to cool in a current of the gas, hclore lainj? 
weighed. As regards the apparatus sec § 108, 2, fig. Gl or G2. Fortin; 
])ropcrties of the residue see § 83, /. Tin; results are very satislactory 
(H. Rose). 'Fhe heat of the ignition must not be too low, or tlic residue 
will contain too much sulphur, nor too liigh or the sulphide of lc:i(hvill 
l)egin to volatilize. Drying the precipitate at 100° cannot be rccoininoiidcil 
(§ 83, /*). If, for want of a suitable a})paratus, the ignition in liydniLyii 
cannot be performed, the dried sulphide may be converted into .suljiluite 
and then weighed. To this end, it is transferred to a beaker, the tilUr- 
ash added, then fuming nitric acid drop by droj), the vessel being kept 
covered with a glass plate. When the oxidation is finished, a gentle lieat 
is applied for some time, and the contents of the beaker ar(} tlnni poured 
into a small porcelain dish, the former is rinsed, a lew dro[)s ol siilplniric 
acid are added, the mixture is carefully evaimrated, and the residue 
ignited. The accuracy of the result is entirely dcpcmlont on the car(‘ with 
which the operation is conducted. Fuming nitric; must be used, as dirocted, 
for oxidizing the ])recipitate, otherwi.se sulphur separates, which, on warm- 
ing with w'eaker acid, fuses and only oxidizes with extreme slowness. 

3. Determination as Sulphate. 

a . Ihf Dreci pita t ion . 

a. Mix the solution (which should not be over dilute) with moderately 
dilute pure sulphuric acid slightly in exco.ss, and add to the inixturo 
double its volume of spirit of wine; wait a few hours, to allow the pre- 
cipii 
and 

may ^ , ^ . . 

A small and thin filter should be employed, and the adhering snljdiatcol 
lead carefully removed before proceeding to incineration (see 1, (')■ 

ft. In cases where the addition of' .spirit of wine is inadrni.ssihlc, a 
cxce.ssof sulphuric acid must 1)0 used, and the precipiUite, which i.s allo"<'j 
some time to subside, filtered, and washed first with w’aUm acidulated w'Ji 
a few drops of sulphuric acid, then repeatedly with spirit of wine, f 
remainder of the process is conducted as in a. 

For the properties of the precipitate, see § 83. The method a 
accurate results ; those obtained by ft are less exact (a little too lo") 
still however s(iti.sfactnry, if the directions given are adhered to. Ih ' 
contrary, a proper exce.ss of sulphuric acid is not added, in the prcsmiOi 
for instance, of arnrnoniacal siilts, nitric acid, v^c., the lead is not com 
pletely precipitated, and if pure water i.s used for washing, decided tracer 
of the precipitate are dissolved. 

b. By Evapovaiion. 

a. Put tlie substance into a weighed dish, dis.solve in dilute nitric 
add moderately dilute pure sulpliuric acid slightly in excess, and evapor^ 


fate to subside; filter, wash the preci])itate with spirit of wine, dr}) 
ignite, after the method des(;ribed in § 53. Thougli a careful operator 
r use a ohitiniini criu-lbh* st.ill JI thin linmnlnin itiu' il)lc is Dri'fcralih. 
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at a '^critic lioat ; at last high over the lamp, until the excess of siiljjlmric 
aci(l°is completely expelled. Tn the absence of organic substances, the 
evaporation may be effected without fear in a jilatinuin disli; but if 
or^raiiic substances arc present, a light porcelain dish is preferable. With 
due care in the process of evaporation, the results are perfectly accurate. 

ft. Organic compounds of lead are converted into the suliihati; by treat- 
ing tliem, in a jiorcelain crucible, with pure concentrated sulphuric acid in 
excess, evaporating cautiously in the well-covered crucible, until the 
excess of sulphuric acid is completely expelled, and igniting the ri'siduc. 
Should the latter not look perfectly white, it must be moistened once 
jiiore with sulphuric acid, and the operation repeated. The method gives, 
■when conducted with great care, accurate results ; a trifling loss is, how- 
ever, usually incurred, the escaping sulphurous acid and carbonic acid gases 
being liable to carry away traces of the salt. 

4. Determinafioa as Chromate of Lead. 

If the solution is not already distinctly acid render it so with acetic acid, 
then add biclironiate of potassa in excess, and, if free nitric acid lias been 
present, add acebite of soda in suincient (|uantity to replace the free nitric 
acid by free acetic; acid ; let the precipitate subside at a gentle heat, and 
collect on a weighed filter dried at 100°; wash with water, dry at 100°, 
and weigh. The [irecipitite may also be ignited according to § 53, but in 
this case care must be tiken that hardly any of the sjdt remains adlu;ringto 
the paper, and that the lieat is not too high. For the properties of the 
precipitate, see § 93, 2. The results are accurate. (Fxpt. No. 70). 

5. Determination as Chloride, of Lead. 

Mix the solution Avith hydrochloric acid in excess, concentrate strongly 
in the water-bath, treat the residue with absolute alcohol, mixed with a 
little ether, let the precipitate subside, filU;r off the fluid, and Avash the 
precipitate Avith alcohol mixed Avith ether. The chloride of lead may be 
either dried at 100° (being collected on a Aveighed filUu') or treated accord- 
ing to § 53. In the latter case a porcelain crucible is used, and care 
istiikon tlujt the least possible amount of the «ilt remains adhering to the 
filter and that the heat is not raised to redness. This method is had 
fccoiirse to in cerUiin separations, 
fi. Determination as Oxide of Lead Lead. 

Heat from one to tAvo grm. of the organic compound of lead in a small 
'vcighed })orcelain dish very gently, taking care to make the heat act first 
upon the rim of the dish, so that tlio ensuing decomposition may begin on 
one side, and proceed sloAvly. When the Avhole mass is perfectly decom- 
posed, increase the heat a little, and eontinue until no more gloAving 
pnrticles are perceptible, and the residue forms a mixture of oxide ot lead 
JMth globules of metallic lead, free from carbon. Weigh the residue; then 
i^at it Avith acetic until the oxide is comj)letely dissolved, Avhich does not 
^ ® ^^ng; pour off the solution uoav from the meUillic lead, and Avash the 
liitter by repeated decantation ; remove the lust truces of Avater by heat, 
fuid Aveigh the residuary metellic lead. By subtracting the Aveight of the 
’UeUl (rom original residue, you Avill find the (piantity of oxide 

^ uad Avhich was present in that residue ; and by calculating the proportion 
w metal contained in the oxide, and adding the resulting number to the 
^uight of the metallic lead, you will obtain the total amount of that metal 
J^iginally present in the analysed compound. This method is very con- 
andj if properly a^id carefully executed, gives very accurate 
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results. The operator must take care to conduct the dccoTuj)osition oftlie 
organic comj)ound very slowly, since the rapid coinl)nsti()n of lt >5 
and hydrogen, at the expense of the oxygen of the oxide of lead, woul,] 
produce so high a temperature as to volatilize a portion of tlie lead j,, 
visible fumes. If the residue is not perfectly free from carbon— wlild, 
will always be detected in heating it with acetic acid — this will tonii 
to give a liighcr number. 

This method was origin.ally introduced by Behzklius. Di i.k lia? 
recommended the following modification : — The compound to lx; aimlvsHl 
is gently licated, in a covered porcelain crucible, until the organic, siih- 
stance is completely carbonized ; the lid is then removed, and the ina^;; 
stirred with a piece of iron wire. Upon this, the mass begins to inniita 
and a mixture of oxide of' h'ad with metallic, lead r(!snlts, whieli may still 
contiun unconsumed carbon. A few pieces of rc'cently fused nitrate of 
ammonia are now thrown into the crucible, which has pn'vioiisly lieei 
removed from the flame, and the lid is again j)Ut on. The salt fusts, 
oxidizes the lead, and converts it [)artly into nitrate. The (‘riK’ihle is now 
cxposcal to a red heat, until no more fumes of hy]>onitrie acid cscajM', 
The residuary oxi<Ie is th(‘n weighed. This method jtosscsses tin* advaiitag) 
of insuring the eom])lete eombiistion of the wdiole of the earboii; it 
Sieves also some trouble in weighing and ealenlating. 

The results arc qiiite satisfiietory. 


7. determination of Lead hji Vohnnefric AnaJf/sis. 

Although there is no lack of' ]>roposod metliods for the volumetric esti- 
mation of lead, w'c arc still without a really good nu'thod for pracliral 
purposes, that is, a method which can l>e generally employed, and wliidi 
is at the same time sini[)le and exact. For tlie ]>resent, thenilitre, 
almost all cases the graviinetrie deUa’ininatlon of lead is to be prctincd to 
the voluinetrie. On my o\vn part, at lea.st, I eannot see that it is easier 
or any better, when one lias the precipitate washed, to snlijeet it to a 
volumetric process — whereby the accuracy is necessarily (liminislicd— 
instead of igniting it gently and Aveighing. For tlii.s reason, the In'itu 
volnmctric methods will lie but briefly described, the rest being altogctliti 
omitted.* 

a. The lead is jireeijiitatcd as oxalate, following the process given in b"; 
tlie well-washed preeipilate is dissolved in nitric acid, snl|ihiirie aci‘ 
added,, and the oxalic acid in the solution determined by permanganate 
potas.sa (§ ld7) IIkmi’KI.. This method may he modified as follows; am 
to the solution of lead, in a measuring flask of dOO c. c. eafiacity ' 
measured quantity of oxalic acid in alight extm.sa, then ammonia to slig“ 
predominance, fill tlie lla.sk up to the mark, shake, let deposit, take out 
c. c. of the clear fluid, determine the oxalic acid in it by permaugaiwte i 
potassa (§ U37), imiltijily the quantity found liy ,3, deduct the jiroduet ko” 
the amount of oxalic acid contained in the solution first addeil, and 
for every e(|uivalent of oxalic acid (C^ O^), 1 cip lead (Fu. MoiiHf)- ‘ 
results are invariably a little too low (Fii. MoiiiiJ). This arises ktm 
the filet that oxalate of lead is somewhat soluble in water containing 
iiiacal salts. 

h. The chromic acid in the cliromate of lead iirodiiccd by precipif'^^J'^'^ 

.,..1 ii .. 11 11 * 1 . -1 1 . if ^ 


•and thorougbly wa.shcd, is determined volumetrically, and 1 cquiv^ 

* Tlio above reraarks were niado before the introduction of the method c, 
f Hig Lehrbuch der Titrirmethode, i.| 198. Z Ihid. ii- 1^'* 


.-Ed- 



SUBOXIDE OF MERCURY. 


217 


§ 117,1 

lead reckoned for every equivalent of acid found. For tliis purpose, the 
clironiate of lead is treated with hydroeliloric acid and a measured quan- 
tity of a solution of protocldoritle of iron of known strength in excess. 
fSesriuichloridc of iron, sesquichloride of chromium, and chloride of lead 
'ire formed. The exc(!ss of pi’otochloride of iron is determined in the 
fluid fltered from the cliloride of lead, and the quantity of iron oxidized 
L'ldculated Iroin this. Every 3 eq. iron oxidized correspond to 1 eq. lead 
(^11 SciiivAi:/.*). The results are good, but the process is rather cinnpli- 
catrd. The objections raised by Fk. Monu 1 have not found to be 
■well-grounded. (Exjd. No. 7G). 

r. 1[. Schwarz’s new method'l’. To the nitric acid solution add am- 
monia or carbonate of soda, as long as tlie ])reei])itate redi.s.solves on 
shaking, mix witli acetate of .soda in not too small quantity, and then 
run in from a burette a .solution of bichromate of jmtash (containing 
14'750 grin, in tlie litre) till the pr(‘ci])itnte Ix'gins to settle rajiidly. Now 
place oil a porcelain plate a number of droj)s oi’ a solution of neutral 
nitrate of silver, and })rocecd with the addition of the chromale, two or 
three drops at a time, stirring carefully after each a<ldition. ANdien the 
precipitate has settled toleralily clear, which takes oidy a few seconds, 
rcniove a dro}) of the supernatant liquid and mix it with one of tlu' drops 
of silver on the jdate. A small excess of chromate gives at once a ilistinet 
red coloration ; the precipitated chromate of lead does not act on the 
silver solution, but nunains suspended in the drop. The number of c, c. of 
solution of chroinab' used (/ah/u-s (>-l wbiidi Siuiwarz deducts for the excess) 
iiiiilti])lied by ()-()207 tlie quantity of lea<l. If the fluid appear yellow 
hefore the reaction witli the silver salt oecur.^ acetate of soda is wanting. In 
siieh a case first add more acetate of soda, then 1 e. c. of a solution con- 
taining 0-()2lf7 lead in 1 e. c., complete the process in the usual way, and 
deduct 1 c. c. from the quantity of eliromate used on account of the extra 
lead added. Any iron present must be in the form of se.sqnioxide ; metals 
tvliuso cliroinate.s are in.^oluble, must be removed before the method can be 
(‘inploycd. 

The lead is |)rocij)it:ttod according to 1, u, the carbonate (its compo- 
sition is a matter of indifferenee in tin* jiresent ease) is waslicd, dissolved 
la :i measured (piant ity of normal nitric aei<l (§ 217)), and a neutral solution 
<’l sulphate of soda added, whereby snlpbaU? of lead is precipitated and an 
‘dnivalcrit (piantity of nitrate of soda formed. If tlie nitric acid still 
kii'f is now determined with normal alkali, wo shall find the quantity of 
'i^id that lias been neutralized by iinxins of the lead, each 1 c. c. of normal 
nitric acid that has been so neutralized — (MOda lead (Fr. Mohr^). 
insults pretty good. INlouR obtained differences of 1 per cent. 

§117. 

3. SuRoxiDE OF Mercury. 

Solution. 

^uhuxide of mercury and its compounds may generally bo dissolved by 
|‘imiLs u| dilute nitric acid, but without application of heat if conversion 
• ^1 the suboxidc into oxide is to bo avoided. J1 all that is required 

to dissolve the mercury, the easiest 'way is to warm the substance for 
time with nitric acid, then add liydrochloric acid, drop by drop, and 

■'^unal. d. Chem. u. Plmrm. 84, 92. t Dingl. polyt. Journ. 169, 284. 

I Z HU Lehrbuoh der Titrirmethodo, ii. 110. 
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continue the application of a moderate heat until a perfectly clear solutiim 
ia produced, which now contiiina all the mercury as oxide and clilDni],, 
Heating the solution to hoiling must be caretully avoided, as ullierwi^t; 
chloride of mercury may escape witli the steam. 

h. Determination. 

If it is impracticable to produce a solution of the auboxide or its (om. 
pounds pertectly free from oxide, and it becomes accordingly lU'Cisssaty to 
convert the mercury completely into oxide, the latter is deteniiined ,i:( 
directed § HH. But if a solution of suboxide has been obtained, (juite 
free from oxide, the determination of the suboxide may be based iii)i)ii ilio 
insolubility of subchloride ol mercury, and clfeeted either giavinictilrally 
or volumetrically. The proe(‘sa of determining mercury, deseriln'd § 1 is, 
1,^/, may, of course, be applied equally well in the case of eonipouii.ls ol 
suboxide of mercury. 

1. Determination as Snhchloride of Arercnr/f. 

Mix the cold highly dilute solution with solution of chloride of sodium, 
as long as a precipitate forms ; let the precipibitc subside, collect on a ’wcigliwl 
filter, dry at 10(f’, and weigh. For the properties of the precipitate, sec 
§ 84. Results accurate. • • i 

If the solution of suboxide of mercury contains much free nil nc acni, 
the greater ]>art of this should be neutralized with carbonate ol sodabdoic 
adding the chloride of sodium. 


2. Voln^netric Methods. 

Several methods have been j)roposed under this head : the lollowiiig lire 
those wliich are most worthy ol recommemlation : — 

a. Mix the cold solution with decinormal solution of chloride ol souiim 
(§ 141, h, a), until this no longer j)roduceH a preci})itate, and is accordingv 
present in exce.ss; filter and wash thoroughly, taking ('are, 

limit the (piantity of water used; add a few drops ol solution ol ‘ 
of potassii, then pure carbonate of soda, sulllcicnt to impart a light 
tint to the fluid, and determine by means of .solution ol nitrate ol siui 
(§ 141 , a) the quantity of chloride of sodium in solution, 
the quantity which has been added in excc'ss ; this shows, ol conoy' '*' 
the amount of chloride of sodium (tonsunuMl in elfecting the jjn'cipil''^"^’”' 
One equivalent of Hg./) is reckoned ibr every eipii valent ol Nii ^ ^ 
quently for every c. c. of tin; decinormal .solution of chloride ol soi nj’b 
0'0208 grm. of suboxide of mercury. As filtering and washing 1“’"^ ^ 
pensable parts of the proc(3ss, this method affords no great adviinlug*^ 
the gravimetric; however, the results are accurate (Fit. Moim )• 
two methods, 1 and 2, a, may also be advanUigeously cond lined. ^ 

b. Precipitate the solution of suboxide of mercury, I according 
with chloride of .sodium in a stopjxired bottle, allow to 

push a hole through the Imttom of the filter, and rinse the to 

the bottle, which usually Inis some of the washed subchloride 
its inside. Add a sufficient quantity of solution of iodide ol 1^1 

together with standard iodine solution (to 1 grm. Hg^Cl about - h 
and 100 c. c. nornud iodine solution^;), insert the stopper, ne* ^ 
till the precipitate has entirely dissolved [HgjCl + 8 KI + 1 

+ K Cl]. As iodine is in excess, the solution appears brown. 


* LelirbucU der Titrirmetbode, ii. 62. 
t If oxide of mercury is also present, see § 118, 2. 


X See § 
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f 11 a burette solution of liyposulpliite of soda— corresponainjr to deci- 
iodine solution — till the fluid is decolorized and ajipears like 
transfer to a measuring flask, rinse and fill up to the murk, shake, 
t‘ ke out an aliquot part, add starch-paste to it, and determine the excess 
of hyiiosulphite of soda with iodine solution. After multiplying by 
tlie proper number, add the c. c. originally employed, subtract tlie e. c. 
of hyposulphite used, and reckon the quantity of mercury from the 
remamder. 1 eq. iodine - 1 eip llg. Cl. Results good (llEMiua*). 

c. The solution containing the mercury in the form of suboxide is 
dilated with enough water, gently \varmcd, and solution of hyposul])hitc 
of soda— 12-4 grm. in the litre— added (waiting a little and shaking 
vi.rorously after each addition), till the last drop gives no brown colora- 
tion. The subsultdiide of mercury formed sul).sides well and quickly, 
and the end of the reaction is easy to perceive (Hg.^ O, N -f- Na O, S, 

= llg S + Na (), 8 Og + N Oj). Kacdi 1 c. c. of the solution employed 
- 0208 suboxide of mercury or *0200 mercury. Results accurate (J. J. 
ScnKUEuf). 


§ 118 . 


4, OxioK OF Mercury, 

a. Sohition. 

Oxide of mercury, and those of its compounds whicli are insoluble in 
water, are dissolved, according to circumstances, in hydrochhude acid or 
iu nitric acid. Sulphide of mercury is heated wdth hydrochloric acid, and 
nitric acid or cldoratc of j)otJissji added until complete solution ensues; it 
ia, however, most readily di.ssolved by suspending it in dilute potassa and 
traiisinittirig chlorine, at the same time gently wairming(II. Rose). When 
a solution of chloride of mercury is evapoi’ated on the w'uter-hatlb chloride 
of mercury escapes with the aqueous vapor. This circumstamui must 
not be lost sight of in effecting the solution of comj)onnds ol mercury. It 
is horn this cuuse that the method proposed by gives quite inac- 

curate results. 


h. Ikiermination. 

Mercury may lie weighed in \\\Q mctaUic state, or as subchlonile, sttlphide, 
or oxide (§ 84) ; in sc[)arations it is sometimes determined as loss on ignition, 
h may also he estimated volumetrically. 

'fhe three first methods may he used in almost all cases; the determi- 
as oxide, on the contrary, is only po.ssihlo in compounds of tlie 
oxide or suboxidc with nitric acid. The methods by which the mercury 
h determined as subcliloride or sulphide are to he preferred before tliose 
which it is separated in tlie mct 4 dUc form. Of the volumetric methods 
first can be employed in many cases, xvliile the second and tliiid aie 
Only of very limited application. 

h Determination as Metallic Merenvy. 


process is conducted in the apparatus illustrated by fig. 66. 

eighteen inches long, and about four lines wdde, made of 
ucultly fusible glass, and sealed at ono end. First put into the tube a 


In the Dry Way, 


* Annal. d. Chem. u. Pharni. 110, 176. 
+ Hi« Lehrbucli der Chemie, 1, 511* 

4 Annal. U. Cliem. u. PUarin. 220. 
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mixture of bicarbonate of soda and powdered clialk, then a layer of 
lime, tlicsc two will occupy the space from a to h. (Let the luixturo Iq 



Fig. ()(). 


generating carbonic acid take nj) about two inches.) Ihen add tlie luii- 
mate mixture of the substance with an excess ol‘ (piick-liiiu' {h-c), then 
tlie lime-rinsings of the mortar (c-^/), then a layer of (juick-lime 
and lastly, a loose stoi)per of a.sbestus (e-f). The antcador end of the 
tul)e is tlien drawn out, and bent ata soniewliat obtuse angle;. The inaiiiiHi- 
lations in the proccss(‘s of mixing and tilling being the same as in organie 
analysis, they will be found dc.sci'ibod in detail in the cha])t(‘r on that 
subj(;ct. 

A few gentle tai)s upon the talde are suincient to shake; the coiitontsof 
the tube down .so as to leave a free passage through the whole lengtli of 
the tube. The tube, so prepared and arranged,, is Jiow ])la(n;d in a com- 
bustion furnace, the point being inserhnl into a llask containing waiw, 
the snrliice of which it should just touch, so that the opening may I'c jint 
closed. 

The tube is now surrounded with red-hot charcoal, in the same Avay 
in organic analysis, ])roceediiig slowly from c to u, the last traces ol mcr- 
cnrial vapor being ex[)elled l)y heating the mi.xture at the sealed end ot 
the tube. Whil.sttlie tub(; still remains in a sUite ol‘ intense igiiilien. tlie 
neck is cut off at y*, and carefidly and completely rinsed into tin; receiving 
flask, ])y means of a wasliing-l)ottle. '^I'be small globules ol iiiereni) 
which have distilled over are imited into a large om*, by agitating the lb!''; 
and, after the lap.se of some time, tin; perfectly tdear water is deeanto, 
and the nu;rcury jioured into a weiglied porcelain eriieibli', wheie t iti 
greater jiortion of the water still adhering to it is removaul with hletting' 
paper. The mercury is tlnm finally dried under a Ixdl-jar, over conccii 
trated sul{diuric acid, until tin; weight remains constant. Heat iiinst nb 
bo applied. For tlie properties of the metal, see § 81. In the 
sulphides, in order to avoid tlie presence of vapor of water in the 
whi(di would give rise to the formation of sulphuretted hydrogen, 
mixture of bicarbonate of soda and chalk is replaced by magnesite. 
of mercury cannot be completely decomposed by lime* To amilp^’ 
in the dry way, .sub.stitute finely divided metallic copjier for the hinn 
Jtosir*). Tlie accuracy of tlie results is entirely deiieiident on 
bestowed. The mo.st liighly accurate results are, however, obt^'Ui'ei ^ 
the ajiplication of the somewhat more complicated modification adopt^j' 
Ludmann and Mauciianu for the determination of the ntomie w’p ‘ 
mercury and of suljdmr. For the details of tliis modified process, 
to the original essay simply remarking here, that the di.stillation is 
ducted, in a combustion tube, in a current of carbonic acid 

* Fogg. Annal. 110, 646. .. 

t Joum. f. prakt. Chein; 31, 385 ; also Pharm. Contralbl. 1844, 
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the distillate ia received in a weighed bulb apparatus witli the outer end 
tilled with gold-leaf, to insure the condensation of every trace of iiKircury 
vajior, This way of receiving and condensing may be employed also in 
the analysis of amalgams (Konig*). 

h. In the Wet Wuy^ 

The solution, free from nitric acid, and mixed with free hydrochloric 
acid, is precipitated, in a tlask, with an excess of a clear solution of proto- 
clilorlde of tin, containing free hydrochloric acid ; the mixture is lioiled 
Tor a short time, and then allowed to cool. Atler some time, the perfectly 
iclear Riipcrnatant fluid is decanted from the metallic mercury, which, niider 
Ifavourahle circumstances, will be found united into one globule; if this is 
I the case, the globule of mercury may be washed at once by decantation, 

1 first with water acidulated with hydrochloric acid, and finally with pure 
; water; it is dried as in a. 

, If, on the other hand, the particles of the mercury have not united, 
Their union into one globule may as a rule be readily effected by boiling a 
short time with some moderately dilute hydrochloric acid mixed with a 
few drops of ju'otochloride of tin (having, of course, previously removed by 
decantation the sujicrimtant clear fluid). For the propiuTies of metallic 
nicrcmy, see § 81. 

Instead of jwotochloride of tin, other re<lucliig agents may bo used, 
especially pliosphorons acid at a boiling temperature. This method gives 
accurate results oid}' when (‘onducted with the grcate.st care. In general 
a little mercury is lost (('omp. Fxpt. No. 77). 

2. Deiemimition us Suhrhioride, of Metrun/. 

0 . After ir, 1Io.se. j l^fix the solution of merenrv, whicli may contain 
nitric acid, wit^ hydrocliloric acid and excess of pliosphorons acid (obtained 
hy the deliipiescence of phosphorus in moist air), allow to stand 12 liours 
in the cold or at a very gentle heat (at all events under 0 (F), collect the 
mercury, now completely separated as subcliloride, on a weiglicd filter, 
'uisli With hot water, dry at 100'^, and wcigli, Fesults ]K‘rfoctly satis- 
liiclory. 

h. Mix the moderately dilute .solution of oxide of mercury, which may 
contain nitric acid, with a sidKcicut <piantity of chloride of sodium (if 
enough hydrochloric acid is not already jire.sent), add a solution of proto- 
‘^iilphate of iron (for 1 grin, Hg 0 at Ica.st .‘1 grin, of the iron salt), then 
soda ill exces.s, whereby a brownish-hiack precipitate lalls, which 

a mixture of .suboxide of mercury and protosescpiioxide of iron (2 Hg 0 
+ 0 Fe ()=: Ifpr^ Q 4 . 0 ^^ Digest with shaking for a few minutes, add 

lute sulphuric acid in exce.ss ami allow to stand, shaking every now and 
‘^n, till the dark-colorcd precipitate has turned pure wdiito, i.e. till the 

o.xide of mercury is completely converted into subcliloride by the free 
J rochloric acid. Collect on a weighed filter, wash, dry at 100*^, and 
Kesults accurate (UempelJ). 

^eteniiuiation as Sulphide of Mereurij. 
atiii sufliciently diluted, acidulated wdth hydrochloric acid, 

the with clear saturated sulphuretted hydrogen water (or in 

case of large (piantities, by pa.ssing the gas); — filter after allowing the 

* Journ. f. prakt. Chem, 70, 64. + Pogg. Annal. 110, 529. 

X Annal. d, Chera. u. Pharm, 107, 97 ; and 110, 177. 
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prGciplt-a.tG a. sliort tiiiiG to deposit, wash fjiiickly with cold water, dry 
100®, and weigh, liesults very siitisiactory. 

If from any cause {ejf. presence of sescjiiioxide of iron, free dilorino, nr 
the like) the precipiOite should contain free sulphur, the hltcr is s])r(':id out 
on a glass ])late, the prcei})ltate removed to a porcelain dish by tlu; aid of ^ 
jet from the wash-bottle, and warmed for some time with a nioderutdy 
strong solution ot svd])hite of soda, iho filter having been in the incjni. 
while’ somewhat dried on the glass plate, is replaced in the fuiiruh tlie 
sujiernatant fluid is pouriid on to it, the treatment with sulphite ut soda is 
repeated, and the preci])itatc (now free from sulphur), is finally eolkciHl 
on the filter, washed, dried, and weighed. Results very good (J. biovK*). 

Should the quantity of sulphur mixed with the ])r('eipitate be not very 
large, it may be removed also as follows : the jirecipilate is first washed 
wiSi water, then twice with strong alcohol, then ri'peatedly with bisidjihidc 
of carbon, till a few drojis of the washing evaporate on a walcli-gla?? 
^vitllout leaving a residue. (The precipitate is retained on the filter throiiiili- 
out this operation). 

Properties of the sulphide of mercury § 81. 

4. I )ptermi nation us Oxide. 

In the salts of the oxides of mercury, with nitrogen acids, tlic iiud 
may be very conveniently determin(‘d in the form of oxide (Maiucn Act). 
For this purpose, the s<alt is heated in a bidl)-tube, of which the one (.nd, 
drawn out to a point, dijis under water, the oth(‘r end being coniiectel 
with a gasometer, by means of whicli dry air is transmitted thronyh ilie 
tub(i, as long as the application of lieat is continued. In this way eoniphte 
decomi>osition of the sjilt is readily effected, without reaching tho tdii- 
perature at which tho oxide itself would be decomposed. 

”). Volurnatrii) Methods. 

a. The mercury is precipitated as subchlorido, according to *2, h, andtk 
washed ])reci])itate treated as in § 117, 2, b. Ib^sults good (lIi:Mi'i t+)- 

h. AftcT d. d. SciiiinKH.il 'file nitrate or cldoride of m(‘rcnrv m'ly !'<■ 
directly determined with hyj)<>sulj>hite of soda. The reactions JiR' 

lollows: (IlgO, N 0,) + 2 (NaO, Sjg (2 Ilg S + Ilf? O, N "jC- 

(j\a O, S (V) + 2 N ami 8 ll.i? Cl + 2 (Na O, S.^ O,) + 2 II O (d r ' 
llff Cl) + 2 (Nil <), SO,) + 2 11 c;l. 'I'lio process is .aiiKliicted as loll'a') 
in the (‘ase of nitrate of mercury : INIi.x the highly dilute solution viti i 
little free nitric aci<l in a tall gla.ss and add drop by droj) solution of 1>}1'^’ 
sul|)liitc of soda — 12-4 gnu. in a litre. Mach drop produces an 
yellow cloud, which on shaking quickly subsidi's in the liirm oi a hcav} ^ 
culent precipitate (2 Ilg S + Ilg O, NOJ. In order to distinguish cle;n } 1 
exact end of the reaction Scmkhkic rccommen<ls to transfer the fluid l 
the end to a measuring flask, to take out ^ or J of the clear 
to finish with this. The portion of hyposul])hite last used is midti|)h(( 
d or 2, as the case may be, and added to the quantity first used. 1 
the solution corrcsj)ond.s to *01 mercury, or •0102 oxide of 
The relation is not changed even when tlie fluid contains anothei 
(sulphuric, phosjihoric.) 

In the case of chloride of mercury, the highly dilute solution r 

* Joum. f. prakt. Cliem. 77, 73, t Jahresber. von Liebig u. Kopp, 

7 Aniial. a. Cheni. u. Pliarm. 110, 176. H His Lohrbucli dor theimo, • 
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/f] a little hydrochloric acid and warmed, nearly to boiling, before 
I' vnnin'^ to add the hypoaulidiitc of soda. At first a white turbidity ia 
f then the prccipitiito aei)arates in thick flocks. When the solution 
Wins 'to appear transparent, the precipitant is added more slowly. In 
: to hit, the end of the reaction exactly, small portions must be filtered 

towards the close. The precipitate must be completely white- if too 
much hyposulphite has been added, it is grey or blackish, and tlie experi- 
ment must bo repeated. Schkuku obtained very accurate results. Of 
course no other metals must be i)resent that exert a decomposing action on 

Ijvnosulphitc of soda. ^ 

^ !• After LiEfUG.* This method is based upon the circumstmice that phos- 
iili iteof soda precipitates mercury from .solutions of the nitrate, but not from 
solut ions of the (ddoride, in the form of a flocculent white |)recipitiite of phos- 
pliate, which s])eedily becomes crystalline; and that chloride of .sodium, there- 
fore, readily redissolves this preei]»itate (as long jis it remains amortdious), 
]ili()S|ih:ite of soda and chloride of mercury being formed. Conserpumtly, 
il‘ we know the (tuantity of chloride of sodium required to redissolve tlie 
urecipitate, we learn from this also the (piantity of the mercury ; since 
every equivalent of chloride of sodium dissolves an equivalent of oxide of 
mercury (in the form of phosphate). 


Soluiion of Chloride of Sodium. 

The decinormal solution of chloride of .sodium may be u.sed. Every 
c. c. of this, containing OdlOoHdO grm. iNa Cl, corre.sponds accordingly to 
ti'OlOtiO of Hg (). 

Pirparution of the Solution of (Pride of Me rrunj. 

According to Liebig, this solution — which mu.'^t, ofcour.se, be perfectly 
free from compounds of chlorine, iodine, and bromine, and in which all 
tlic fiu rcnry' mu.st be present in the stJite oi oxide — should conUiin no more 
tliaii .‘ibmit 0-2 grm. oxide of mercury in ID c. c. Accordingly, it a pre- 
luniiiurv experiment shows it to have a higlu'r degree of concentration it is 
(liliitod to about this strength. The solution must, moreover, contain no 
lor(‘ign metals, nor too much tree acid *. the addition of Irom d to 4 c. c. of 

s:iturut(‘d solution of phosjdiate of soda to 10 c. c. ot the solution, must 
I’f iiiove all acid reaction. If too much acid is present, carbonate of soda 
'mist he added until basic salt precijhtates, which latter is then redis.solved 
ly addition of one or two dro|)s of nitric acid. 


J^orfarmonee of the Auidiitical Proeca^, 

lleie Mre two diiferent methods recommended, both ol which it is best 
iq'jily, as the results obtained by the former are somewhat too high, 
tlioHc by the latter a little too low. The results being coml)ined, the two 
^‘■■rors cuncel each other. 


^iiihod 1. Measure off into a beaker, 10 c. c. of the solution ot mercury, 
■aid .) or 4 ^ ^ saturated solution of phosphate of sotla, and then im- 
'"^diately, before the preci[)itiitc has had time to become crystalline, solu- 
of chloride of sodium, until the precij)it4ite is just redissolved ; the last 
K*'’doiis ot the .solution of chloride of sodium must be added very cautiously 
avoiq addition in excess. 

^’Tposing you have used 20*5 c. c. of solution of chloride of sodium, 

now— 


• Annal, d. Chem, u. Pharm. 85, 307. 
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[§ 119 . 

Method 2. Measure off 2()-r) c. c. of the same solution of chlorid.iof 
sodium, add to this 3 or 4 e. c. of solution ol phosj*hato of soda, and llion 
solution of oxide of mercury from a burette, until a perinaiieiit |)r('(‘i].ltat,, 
just beejins to form. Supposiiifj^ this has taken i0’2i) c, c. of solution of 
mercury, then 20-5 + 20-5 41 o. c. of solution of chloride of sodium l,i,v„ 

been consumed to 10 -4- 10 25 - 20-25 c. c. of solution of oxide of iiuMriirv; 
now 1 c. c. of the solution of chloride of sodium coiT(;sponds to O'OIu.mi 
grm. oxide of mercury, then'fore 41 c. c. correspond to O' l 12S 
of mercury, which rpuintity is consequently contained in 20-25 c. c. of dn^ 
analysed solution. 

Liebig has proved by numerous experiments that this course of pro- 
ceeding gives very nearly accurate results; he obtained, tor iiistaiioe, 
f)-187H gmn. instead of 0-1870 grm., 0-174 grm. instead of 0171s -nn,, 
0-16(58 grm. instead of 0-1 6(54 grm., .'I'C. Lut the meOiocl is suscejitildcenly 
of very limited a|)])lication ; for which re.'i.son I omit giving a (leseripnon 
of Fit. iMoiiii’s modification of the process, wldu-h consists in the Bubslilu- 
tion of ferricyanidc of potiissiuin lor pho.sphate of sodad*'. 

§ 110 . 

5. Oxide of CoppEit. 

a. Solution. ^ ^ at ii'. 

Many of the compounds of oxide of co]»per dissolve in water, itletallic 

copper is best dis.solved in nitric acid. Oxide ol cop]>er, and tlu'se ul iu 
sidt.s which are in.solul)le in water, m.-iy !>(> dissolv(Ml in nitric, liydnuhlonc, 
or sulphuric ac-id. Snlphidi; of (!oj>pcr is treated with fuming nitric aciil. 
or it is heated with moderabdy dilut(‘ nitric acid, until the; separate 
sulphur exhil)its a pur(‘ yellow tint ; ad<lition of a little hydrochloric aca 
or chlorate of potassa greatly promotes the action of the dilute acid. 

b. Detcruiiuofion. 

Copper may be weighed in tlui form of oxide, or in the metoUte 
as mlwdphide (§ 85).' Into the form of oxide it is converted l)y precipita- 
tion, or ignition, sometimes with prcvicnis prcci})itntion as sulphide. 
determination as subsulphide is ]>reced(*d usually by pre(*ipitation ‘ 
sulphide or as subsuljhocyanide. Co[)pcr may be determined ahu '} 
various volumetric and indirect methods. 

We may convert into 

1. Oxide of Copper. 

(i. Bj! direct Precipitation as Oxide. 

All salts of oxide of copper soluble in water, and also those of 
soluble salts, the acids of wliicli may be removed upon solution m 
acid, provided no non-volatile organic substances be present. 

h. By Precipitation, preceded by lijuition of the Compound. 

Such of the salts enumerated sub a as contain a 
substance, thus more particularly sjilts of copper with non-volatile 
acids. 

c. Jhf Precipitation as Sulphide of Copper. 

All compounds of copper without exception. < 

* See bis Lehrbuch der Titrirmetbode, ii. Od. 
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(I By Ignition. 

of copper with oxygon acids that arc readily volatile or decom- 
posable at a high temperature (carbonate of copper, nitrate of coppc.'r). 

2. Metallic Copper. 

Oxide of copper in all solutions free from other metals precipital)le by 


inc. 

IP SuPSULPiiiDE OF Copper. 

Oxide of copper in all (‘ases in which no other metals are prest^nt tliat 
irc preei[)itablc by siil[)liuretted hydrogen, hyposulphite of soda or sul- 
phocyaiiide of potassium. 

! Of the scv(‘ral methods of {'ffecting the estimation of copper, I jnxdc'r — 
n all cases wlu're the choic'C is left free and where pn'cipitatioii cannot be 

method 2, as the process is more rapidly performe<l than is the 

;as(; with method 1, wliile the results an', at least, ecpially accurate. 
Method 3 finds application cliietly in separations of co])})!*!- from other 
[iictals, and is, as now carried out, very exact and convenient. The 
nhiinctric methods are especially adajited for technical jmrposes, but 
they are inf'rior to method 2 in simplicity and accuracy. For leehnieal 
riiposes, there are, besides al.'^o several colorimetric methcxls, pi uposeci 
i)y Hkine, YON lIi’iuniT, Jacipielain, A. Mi ller, and others, wliieh are, 
iW of them, based upon the comparison of an amnioniacal .solution of oxide 
of coppiT, of unknown strength, with others of known strength.* 

Li'A'ol’s indirect method ol‘ estimating co])per, which is basial u]'ion the 
hminiition of weight sulfered by^ a .strip of coj)j»cr when digested in a (dose- 
Btoppered flask with amnioniacal solution of copper till decolorization is 
efl’ccted, takes too much tiirn*, and is apt to give false results (Phii.lips,'|‘ 
PiiaiMANNj). The latter remark applies also to the indirect method ]/ro- 
[)os('d by huNOE, whi(‘h consists in boiling the solution of coppx'r, fi-ee from 
tiitrifi acid and scsrpiio.xlde of iron, in presence of some free hydi-oehloric 
add, in a flask, witli a weighed strip of co]>per, and, alter decolorizatioii of 
the fluid, determining the loss of W(‘ight sulfered by the copper. 


1. Lktennination as O.ride of Copper, 

0 . Ihj direct Pcecipitation its O.ride. 

a. Prom Seutral or Arid So/iitions. 

Heat the rather dilute solution in a pdatinum or jiorcelairi disli, to 
iiiopiont ebullition, add a somewhat dilute stdution of }>uro soda oi- potassa 
the formation of a preeipitatc eeasc's, and keep the mixtuiu' a lew 
ii^tiutcs h> rigor at a temjieratnre lU'ar boiling. Allow to subside, filter olf 
diiid, wasli the precipitate by decantation twice or thrice, boiling up 
Eich tiiiio, then collect it on the filter, wash thoroughly with liot water, dry, 
ignite in a jilatinum erneiblc, as directed § 58. After intense igni- 
and liaving added the ash of the liltor, let the crneil>Ie cool in the 
^'Siocator, and weigh. The action of reducing gases must be carefully 
S’lardcd against in the process of ignition, 
t will sometimes hap[)en, though mostly from Avunt of proper attention 
tic directions here given, that j)articles of the o.xido of copper adhere 


to '’object hardly conica > 
ktiw daa Coniplenientii 


ithin the scojw of the present work. I thorefore refer 
kimci daa Coniplenientarcoloriraeter, Chemnitz, 1864, and Bodemanti’s Probir- 

“'ijst von Kerl, p. 222. 

iiaal. d, Chem. u. Pharm. 81, 208. t Joura. f. prakt. Chem., 75,. 211, 

11. <j 
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Kiis, 

BO tenaciously to the dish as to be mechanically irremovable. hiacas< 
of this kind, after washing the dish thoroughly, dissolve the adheritr 
particles with a few drops of nitric acid, and evaporate the solution over tils 
principal mass of the precipitated oxide, before you proceed to ignite tlit 
latter. Should the solution be rath(;r copious, it must first lx* concdntrutid 
by evaporation, until only verjf little of it is left. For the properties of tlie 
precipitate, see § 85. 

With pro})er attention to the directions here given, the results olitainfi 
by this method are quite accurate, otherwise they may be either too lii|r!i 
or too low. Thus, if the solution be not sulliciently dilute, tlie pre- 
cipitant will fail to throw down the whole of the oxide of co]i]ier; or, if 
the ])recipitate be not thoroughly wa.shed -with hot water, it will ritain 
a portion of the alkali ; or, if the ignited ])recipitate be allowed to starid 
exposed to tlie air, before it is wcdghcd, an increase of weight will ho th 
result; and so, on the other hand, a diminution of weight, if the oxide le 
ignited with the filter or uiuhn* the influence of reducing gases, as tliereliy 
suboxide would be fumed. Should a portion of the oxiih* have siiibred 
rediK.'tion, it must be reoxidized by moistening with nitric acid, evapo- 
rating cautiously to dryness, and exposing the residue to a gentle bat, 
increasing this gradually to a high degree ol’ intensity. 

hot it he an invariable rule to test the filtrate for eoj)per with siilpliu- 
fetted hydrogen water. If, notwithstaiidiug the strictest compliiuicc with tlie 
directions here given, the addition of this reagent prcKluces a jtreeipitote, 
or iirqiartsa hrown tint to the fluid, this is to be attributed to the ]»ros‘iico 
of organic matter ; in that case, concentrate the filtrate and wash-wtiter 
hy evaporation, acidify, preeij)itate with Hnl])hnretted hydrogeinvatcr, trial 
tlie jirecipiUited sulphide as directed in c, and add the oxide obtained to 
the first })reci]>ib'ite in the filter. It is also liighly advisable not to iiigiat 
tlissolving the oxide of copper, after weighing, in liydrochloric acid, in 
order to detect, and, if ncces.sarv, estimate, any silicic acid which iiiiglitb 
jiresent. 

/ 3 . From, Alhtline Sohttiou!^. 

From arnmoniacal solutions also, oxide of coy)per may be preci])ihntfd by 
soda or potassa. In the main, the juoeess is conducted as in n- 
])recipitation the mixture is lieaUsl, until the supernatant fluid has heeoiiiti 
perfectly colorless ; the fluid is then filtered oft with the greatest 
expedition. If allowed to cool with the ju'Cciyiitate in it a small ])ortiond 
the latter would rcdissolve. 

h. Jhj Predjntntuni (is Oxuh^ preraled hy J</fiitio)i of I hr 

Heat the substance in a porcelain crucible, until tlie organic 
present is toUiIly destroyed ; dissolve the residue in <lihile nitric acia, 
filter, if nec('.ssary, and treat the clear solution as directed in a, «• 


0 . By Freripitation an Sulphide of Capper. 

Precipitate the solution — which is Ixxst neutral, or slightly acid, 
should not eonbiin a great excess ol’ nitric acid — according to the 
of eopjier present, either by the addition of strong suljihurettcd hydre?'" 
W'ater, or hy passing tlie gas. When the precijiitate has fiiHy 
and you have made sure that the supeniataiit fluid is no longer 
j»recipit.'ite<l hy strong mlplwretled hydroyen iratn\ filter ofl 
wash the precipitate witlioiit intcTinission with winter containing ^ 
rettiid hyiirogen, and dry on the filter with some expedition ; jigii 

dried iirecipitato to a beaker, incinerate the filter in a small porcelain 
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, 1 t.iic ash to the precipitate, treat with moderately dilute nitric acid, add 
0 hydrochloric acid, and heat gently until the separated sulphur 
ppears of a pure yellow colour ; dilute now with water, filter, and preci- 
iiite ns directed in 

Instead of precipitating the copper, as sulphide, with hydrosulphuric 
.•(1 or an alkaline sulpliide, it may also be precipitited witli hyy)Osul- 

t liit(‘ of soda. To this end, the solution of copper (which, il’ necessary, 
list be freed as far as practicable from hydrochloric acid and nitric acid, 
y evaporation with sulphuric acid) is sufficiently diluted, heated to 
Doiliti's and mixed with a solution of hyposidphite of soda, as long as a 
Dlaek V^clpitate forms. As soon as this has subsided, leaving only sus- 
Xiided sulphur in the supernatant fluid, the ])rcci]>itation of the copj)er is 
joiiiplete. The preciy)itate is subsidjdiide of copper (Cu^ S) ; it may 
»;isily be washed without risk of oxidation (Fla.ioi.ot*). It is finally con- 
irerted into oxide as directed in 1, a. 

Instead of converting the sulphide or subsulphide of copper into oxide, 

[ always ])refer to weigh them as subsulyddde, .sec 3, 

(\. Bji hj nit ion. 

The salt is ])ut into a platinum or porcelain crucible, and cxposcnl to a 
very gentle heat, which is gradually increased to intense redness ; the 
residue is then weighed. 

As nitrate of c()])y)er spirts strongly when ignited, it is always advisable 
to prit it into a small covered ])latinum crucible, and to place the latter iii 
El large one, also covered. With proper care, the results are aceurat-c. 
Copper salts with organic acids may also be converted into oxide by sim])lo 
Ignition. To tliiseiid, the residue first ol>tained, which contains suboxide, 
is eoinpletely oxidized, by repeated moistening with nitrit', acid, and igni- 
tiitii. However, a loss of substance is generally incurred in this process, 
lioiii the difliculty of avoiding spirting. 

2. Defennination as Metallic Copp(’r.\ 

This method has been in constant use in my laboratory for several 
yoirs, with the most satisfactory rc'sults. From my own experience 1 can 
r'coiiimond tlie following jtrocess as l)est suited to effect the object in 
viow. 

Introdnco the solution of eo]>per, after having, if required, first freed it 
Ihjiii nitric, acid, l)y evaporation with hydrochloric acid or suljdiuric acid, 
a weighed platiiiuiu disli ; dilute, if iiecossiiry, with some water, 
t'li'ow in apiece of zinc, soluble in bydro<*hloric acid without residue, and 
“'h if necessary, hydrochloric acid in sullicient quantity to iwodui'c a 
^'‘derate evolution of hydrogen. If, on the other hand, tliis evolution 
^>"iil(n )(3 too brisk, owing to too large excess of acid, add a little water. 

<hsh with a watch-glaSvS, which is aderwards rinsed into the 
I'*' I with the aid of a washing- bottle, 'fhe separation of tlie eo]q)er 
'.‘''j's immediately ; a large proportion of it is deposited on the platinum 
" ol a solid coating ; another portion so|iaratcs, more particidarly 


y rp. * Journ. f. prakt. Cheni. 6J, 105. 

Miir ff precipitating copper by iron or zinc, and weighing it in the 
was proposed hmg ago ; sco Pfaffs Handbuch der anal>t!Hchcn Chemie, 
preci,,*'!. 2, Seite 209, whore the reasons are given b*r preferring zinc as a, 

*'^^,®^h'kuretted liydrogen is recommended aa a test for asceitiuning 
%'rT l**^®®ipif*don is complete. I mention this with reference to Fr. Mohr’s 
Kerl o f^hem. u. Pharm, 90, 215, and Podtmaim’s Probirkunst von 
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from concentrated solutions, in tlio form of red sponp;y musses. Apj.llc,, 
tion of heat, thougli it ])romotes the reaction, is not al)Sohit(-ly lu tTvar, 
hut there must always be sullicient free acid present to keep u|) tLc ( viili. 
tion of hydrogen. After the lapse; of about an hour or two, the wlifil,, , 
the cop])cr has separated. T<5 make sure of this, test a small iKiiiioii f 
the supernatant fluid Avith sulphuretted hydrogen Avater ; it tliis liiit t 
impart a broAvn tint to it, you may safely assume that the [jrc'cipilaliiin i; 
the copper is com])lete. Ascertain noAAg also, Avhether the ziiie is ei iir,!- 
dissolved, by feeling about for any hard liimjis Avith a glass rehnel 
olvserving Avhether reneAved evolution of hydrogen will take jhicr 
addition of some hydrochloric acid. If the lasiilts ai’e satislactorv in ilil. 
respect also, })ress the tajpper together Avith the glass rod, decant tlic dar 
fluid, Avhich is an ('asy operation, pour, Avithout loss of time, bi)irniLMva!ir 
into tin; dish, decant' again, and n^peat this operation until the wiihiig 
are 7 //c free from hydrochloric acid. Decant the Avatcr now :is liir :i; 
practicable, rinse tlie dish Avith strong alcohol, i)laee in tlu' Avati r-liaili, 
and, Avhen the copp('r is perfectly dry, l(‘t it cool, and Aveigh. If you liav 
no ))latinum dish, the preei]>itation may he oiliu'tc'd also in a jioic'hjii 
crncihh; or glass dish ; hut if. Avill, in that case, tak(' a longer tiiii*', nwiir: 
to the ahscJHM! of the gah'anic antagonism hctAve(!n [)]atinii':ii iiinl zlin'; 
and the whole of the eo])per Avill Ik; obtained in loose massi's, mid imt 
firmlv' adhering to tlio si<les of the erucihle or disli, as in the ease ol pivci- 
jiitation in ])latimim vessels. 

The resnits arc very aecnrate. Tlie direct o.\i)eriinent. No. 
lOQ-Q and lOO-OfI, instead of 100. Fit. Moiiu {lor. r/7.) obtainnl o[iialIy 
s;«tisfael,ory r(;sidts l)y preeipitating in a i)or(;elaiii crucible.* 

3 . Deteniiination ((S Siihsn/jflti(le of Cffppcr. 


a. yh/ Prcripifolioii. us Aa/y>//h7c.— Preeij)itate tlie cop})ei' u;<liii''' 
dry, transter to a poreidaiu erucihle, add the lilter-ash and soiiic piiH^ 
])OAvdered sui[»hur and ignite strongly in a stream of hydrogen (i 
tigs, (it and (>2). It is advisiddo to use a gas-hluAV[)ij)e. Tli<‘ 
are very accurate (II. IhcsEf). 

This method, wliich Avas reeommemled by llERZELirs, and nlhrAvard' 
Bri'NNEH, has only lately received a very praeticid form, from tlio 
ratua inrrodu(-ed liy II, UosK. 1 feel great pleasure in reconimoiuliag 
lu my oAvn laboratory it is in impient use. 

1). Ijjj Preripitaiion os PubsvlpfoHOpui’oley after liivoT.| 
solution should be as free as po.ssihle fVtiiii nitrii- aciil and free old"’ 
and not too acid. Add suljihnrous or hyiiophospliorous acid ni 
cient (piaiitity, and then solution of suljihoeyanide ol' potassiiiim 
copjier jirecipiL'ites as Avhite suhsulphocyariide. It is liltered alter siaii' 
some time, Avashed and dried, mixed Avith sul})hur, ignited in 
the apparatus alluded to in «, and this ignition Avifh snlplmi’ ^ 

till tin; Avoight is constant. The jirecipitate may also Ik; collcctoi 
weighed filter, dried at 100°, and then Aveighed. Tlie (‘X[K'rim''nt. ^ 
80, conducted in the latter way, gave OO-fJG instead of 100- y 

c. Oxide and siiboxido of copper, sulphate, and many other su 

* Storcr (On the alloys of copper and zinc, Cambridge, 1860, p. 47) 
^ecipitated cop^wr rotains water, but T have not found this to bo the ca.se 

t Pogg. Annal. 110, 138. 

t Compt. rend. 38, 868 ; Journ. f. prakt. Chem. 62, 252. 
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op]ior may be directly converted Into siibsulj»liide, by mixing with 
ul])linr and igniting in bydrogen as in a (H. Rose, loc. dt.). Tlic results 
ro thorouglily s^itisfactory. 

4 , Voluinctric Methods. 

Of tlic nuincroiis proposjils under tliis head, the following are the 

}CSt. 

(I. ScinvAUz’s Method.* 

Il‘ a selution of oxide of copper is mixed with a siiflicient quantity of 
H lari rale of an alkali, and solution ot‘ soda added, a dc(!p blue llnid is 
prodiieod. If this is wanned, and a suflieient amount of graj)e-sngar 
idd ■(], the whole of the c{)])])er preci|)i tales, after a short time, in the form 
of siilioxiile. On warming this with ses<pii(‘hloride of iron and hydro- 
chloric aedd, it dissolves, tlui following trans[)osition Diking ])lace : 

Cn, O + Fe,Cl, -t- 1 1 Cl ^ 2 Cu Cl f- 2 Fe Cl + 11 O. 

Eacli cMjuIvalent of eoppeu’ eonseipiently reduces one crpiivalent of iron 
from the state of sesipiichloride to that of jwotochloride. From the (pian- 
tity ol)tained of the latter, we may accordingly ascertain the amount of 
tlic co])|)er. 

'file analytical process is cmnlucted as follow's: — Dissolve the substance 
in wnlor or nitric acid, mix in a ca)>acious porcelain dish, in the cold, with 
a solution of neutral tartratii of ]>otassa, and add .solution of potassa or 
fioda in excess. Mix the dark blue Iluid now \vith a sulli(dent quantity of 
■an :i(|Ucous solution of giaqie-sugar or milk-sugar, and warm on the water- 
[haili, until the Iluid shows a brown color on the border, which is a sign 


|tli:a the wliolii of the copper is preidpitaled, and that thi; alkali begins to 
;ai;t upon the sugar, imparting a brown tint to it. AVhen the |)r('cipitate 
kas subsided, lilter. The tiltrate appears, in most eases, of a de(‘p l)rown 
K'olor, which forms a muddy yellowish layer with the wash-water ; how- 
this disappears immediately upon stirring the Iluid — a proof that i]t 
.k.His not proceed from any siiboxide of copper having passed through the 
llilUir. \\hish the precipitated suVmxidc of eo]>per with hot water, until the 
■"asli-wutcr comes tlirougli perfectly colorless; })artieles of tlic suboxide 
adhuriiig firmly to tlie dish are left in the latter. Put the lilter witli the 
^'•Itoxidc into tlic di.sh, add solution of juire sesipiichloridii of iron (i’rec 
nitric acid, free chlorine, and ])rotochloride) in slight excess, and a 
lit c hydrochloric acid, and heat gently, witli stirring, which Avill snflicc 
K!di.ssolve tlie suhehloride of copper at first formed. Filter the green 
ulioii into a eajuieious flask, wash the remains of the first filter tlioronghly 
''^^ Vhot water ; let the iluid cool down to about 2rF, ami estimute the 
'P uitliy oj protoehloride of iron formed, as directed § 112, 2. Fvery 28 
bills of iron found in the state of protoxide or protocldoridc eorres})ond to 
^ b‘ii’ls of copper. The results arc siitisfactory. Direct experiments 
119*1 and 10t)-2, instead of 100. 

'y Moiiuj dissolves the suboxidc of copper in hydrochloric acid, with 
? pretty large proportion of chloride of sodium, instead of in 
strij r 1 of iron and hydrochloric acid, dilutes, and determines the 

of the solution of subchlorido of co|)per, Avithout removing the 
iiiak* obtained 08-hl, and 98*08, instead of 100. The experiments 
my own laboratory, in the same way, gave 98‘08 and 99*03, in- 


* Atmal. d. Chem. u. rbarni. 84, 84, 
t Lehrbuch der Titririuethode, 202. 
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ptead of 100. The reason why this method is so apt to give in.-uciirav 
results is, that a hydrochloric acid solution of subchloride of copper at 
oxygen much more rapidly than a solution of [irotocliloride of iron 1 
cannot regard, therefore, Mohr’s iiiodilication in the light ol' an improve, 
nient of Schwarz’s method. 

h. Fleitmann’s Method.* 

If you have an acid solution, free from nitric acid, precipitate tli('oo])|ii: 
with zinc, exactly as directed in 2, digest with dilute sul[)huric, arid imti; 
the zinc is completely dissolved, remove any iron which the solution 
may have contained, by thorough washing of the copper, and add solutinii 
of sesquichloridc of iron and hydrochloric acid. The copper dissolvos 
speedily, giving two etjuivalents of protoxide of iron. Dilute, and (lotoi- 
mine with solution of* permanganate of potassji. 50 ol‘ iron, wliich are 
present as protoxide, corresjxmd to 31*7 of copper. It is (piite evitkt 
that this method of determining copper will l)e Ibund more convenient 
than method 2 only in cases where the oj)crator has to make a whole series ' 
of analyses. The results, obtained in an indirect way, can nevaa- attain tin 
accuracy which the direct weighing of cop])er all'ords; still the ditreieiice 
generally does not exceed I per cent. 

If the solution contains nitric artid or metals reducible by zinc (of/., 
bismuth, lead), the precipitation is effected in the ammoniacal soliilion d 
copper — which must bo filtered, if necessary — by warming it modenildy 
with fine zinc raspings or lilings, until the blue color of tin; fluid has dis- 
appeared, and the copper is completely precipitated. The precipitatid 
copper is first thoroughly wa.shcd with hot water, then digested with diluie 
sulphuric acid to remove the c.xcess of zinc, after this washed agaimviili 
water, and treated finally as directed above. 

c. De IIaen’s Method. f 

I recommend this method, whicdi was devised in my own Inhoratonv 
as more especially applicable in eases where small quantitiens of noppfr 
to be estimated in an cxj)editious way. The method is l)ascd upon the 
fact that, when a stilt of oxide of copper in solution is mixed with iodide 
of potfissiiim in excess, snbiodidc of co])per and free iodine are formed, 
the latter remaining di.ssolved in the solution of iodide ol' potassium. 
2 (CuO, S OJ -f 2 K I Cu^ I -f 2 (K (), S (\) -f I. Now, by e.stiiiiatiimtl>'' 
iodine by Bunsen’s method, or with hypo.snlphite of soda (§ I lf’)? ^vohm'i 
the quantity of copper, tis 1 eq. iodine (127) corresponds to 2 eip oe)pp''' 
(03*4). The following is the most convenient way of proceediu^^ I**’’ 
solve the compound of copper in snlphurie acid, best to a neutral solutii'H; 
a moderate excess of free sulphuric acid, however, docs not ii)juri"U>} 
affect the procc.ss. Dilute the solution, in a mea.suring flask, to a dctimt^. 
volume; 100 c. c. should contain from 1 to 2 grrn. oxide of coppoi’- 
duce now about 10 e. c. of iodide of potas.sium solution (1 iodide ol put'^ 
slum in 10 water) into a large beaker, add 10 c. e. of the coi)per .sohit'um 
fnix, and then proceed without delay to determine the separated le* 
either with sulphurous acid and iodine (§ 146,1), or with 

* Annal, d. Chem. u. Pharm. 98, 141. f Il'iJ- 91._ 237- ^ 

t Brown (Quart. Joum. of the Chem. Sue. x. 65), who published Tbe 

method in 1857, must have been ignorant of its previous publication in 1 
littlo variation, too, of determining the iodine with hyposulphite of soda in 

Schwarz) instead of with sulphurous acids (according to Bunsen), may ho 

Mohr 8 Lehrbuch der Titrirraethode, i. 387 (1856). 
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pda (§ 146, 2). The copper solution most be free from seaqnioxide of iron 
;iid other bodies wliich decompose iodide of potassium, also free nitric 
icid, and free hydrochloric acid. With strict attention to these rules, the 
■esiilts are accurate. Die Hakn obtiiined, for instance, 0-8r>G7 instead of 
)-3566 of sulphate of copper, 99-89 and 100* I instead of 100 of meUillic 
•opper. Further experiments (No. 81) have convinced me, however, that, 
hough the results attainable by this method are .satisfactory, they are not 
ihvaya (piite so accurate as would l)e supposed from the above llgures 
given by De Haen. Acting iijwn Fu. Mona’s suggestion, I tried to coun- 
teract the injurious infiuence of the presence of nitric acid, by adding to 
the solution containing nitric acid first ammonia in excess, then hydro- 
chloric acid to slight excess; the result was by no means satisfactory. The 
reason of this is that a solution of nitrate of ammonia, mixed with some 
hydrochloric acid, will, even after a short time, begin to liberate iodine 
from solution of iodide of pobissium. 

d. Caul Mohr’s Method; H. Fleck’s Modification.* 

The proposal to Uike the action of solution of cyanide of potassium on 
ammoniacal solution of copper as the foundation of a method for estimating 
copper is due to (Iaul Mouu.f 

The azure blue color disappears, Cu„ Cy, N Cy and K 0 are formed, 
wliile 1 e(p of cyanogen is separated, which, acting on the free ammojiia, 

I gives urea, oxalate of urea, cyanide of ammonium and formiatc of ammonia 

The decomposition is not always the same, the quantity and degree of 
concentration of the ammonia has a marked influonee on it, eomp. Liehiu 
{he. at.), also my own ex[)criments (No. 82, u), from whicli it a 2 )pcars that 
neutral ammonia s<ilts also affect the results. 

Fleck (Joe, cib) proposes the following modification : — 
histead of caustic aiiimouia use a solution of .ses{|ui carbon ate of ammonia 
(1 in 10), warm the mixture to about (.)0°, and in order to render the ond- 
roaotiori plainer add 2 drops of solution of ferrocyauide of potassium (I in 
2|i); the blue color of the solution is not altered "by this addition, nor is its 
I clearness affected. The value of the cyanide of jiotassium solution is first 
cteriulned, by means of copper solution of known strength, ami it is then 
employed on tlio copper solution to be examined. On dropping the 
cyanide of potassium into the blue .solution warmed to GO®, tlie odor of 
cjanogen is plainly perceptible, and the color gradually disappears. As soon 
^3 the ammoniacal double s.'ilt of copper is destroyed, tlie solution becomes 
from the formation of ferrocyauide of copper, without any jirecipitato 
^Ppeariiig^ and with the addition of a final drop of cyanide of jKitassium 
coiLk^ ID its turn vunislies, so that the fluid now appears quite 

The method thus modified yields, it is true, better, but still only ap- 
proximate results. 1 1 Where such are good enough, the method is certainly 
onvenient. ^ I have found that the j)resenco of ammonia .s-dts is here also 
0 Without influence (Expt. No. 82, b) ; on this account the method seems 

A 1 * Polytechn. Centralbl. 1859, 1313. 

2, 91 D. Pharm. 94, 198 ; Fr. Mohr’s Lehrbuch der Titrirmethode, 

II j , , J Annal. d. Chein. u, Phann., 95, 118. 

Vate ®’rperimont8, in which he had pui^wsely added diti'erent quantities of car- 
'lie max'* Fleck used for 100 c. c. copper solution, in the iniuinmm 15*2, in 

•ximum 15*75, in the mean 15*46 c. c. cyanide of potassium solution. 
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to be aj)j)licab]e only, if the standardizing of the cyanide of potassium 
and the actual analyses arc pcrfornied under very similar circuin.staiieus 


§ 120 . 

G. Teroxide of Bismuth. 

(t. Solution. 

Metallic bismuth, the teroxide, and all other compounds of th,at metal 
are dissolved best in nitric acid, more or less diluted. It must he home 
in mind tliat hydrochloric acid solutions of l)isnmth, if coiieeiitratid 
cannot l)e evaporated without loss of chloride of bismuth. 

h. Jjaterminalion. 

Bismuth is weighed in the form of teroxide, of chromate, of sulphukoi 
in the metallic state. The compounds of bismuth are convcilcd iiiiu 
teroxide by ignition, by precipitation as l)asic carbonate, or l)y repeated 
eva])onition of the nitrate solution. Tlie.se are soimitimes [jieeeded Ly 
separation as sulphide. The determination as metallic bismuth is fre- 
qmmlly [>receded by precipitation as sulphide or as basic chloride. 

W(i may convert into 

1. Teroxide of Bi.smuth. 

a. liif Pre('i/>it(fttou as Carbonate of Teroxide of Bismuth. 

.Ml compounds ol‘ bismuth which dissolve in nitric acid to nitrate, ?i0 
Ollier acid remaining in the solution, 

b. Bif Lj nit ion. 

a. .Salts of bi.smuth with readily volatile oxygen acids. 

/h Salts of bismuth with organic acids. 

c. Bif Kraporation. 

Bismuth in nitric acid solution. 

d. Bif Preetjntation as Tersulphide. of Bismuth. 

All compounds of bi.smuth without o.xception. 

2. Chromate ok Teroxide of Bismuth. 

All compounds named in 1, a. 

3. Sulphide of lii.s.MUTH. 

The compounds of bismuth without exception. 

4. Metallic I^lsmuth. 

The oxide and its stdts, the sulphide, the basic chloride, in which btteJ 
form the bi.smuth may be precipiUited out of all its .solutions. 

I, Deferminatiun of Bismuth as Teroxide. 

a. Bif Precipitation as Carbonate of Tero.ride of Bisnmth. 

.Mix the solution of bismuth with carbonate ammonia in verij shp 
excc.ss, and heat for some time nearly to boiling; filter, dry the 
pitate, and ignite in the manner directed § JIG, 1 (Ignition of carbonate ^ 
lead) ; the process of ignition serves to convert the carbonate into the p>^ 
teroxide ol' bi.smuth. .Should the solution be too concentrated, dilute 
water, previously to the addition of carbonate of ammonia; whether t'C 
dilution leads to the precipitation of ba.sie nitrate of bismuth or not, 
matter ol perfect iiidilFereiice. For the proiiertics of the prccipil'^1'^ 
residue, see § 8G. 
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Tlio method gives accurate results, though geuerally a trifle too low, 
owiiw to the circumstance that carbonate of tcroxide of bismuth is not 
.ili^ohitcly insoluble in carbonate of ammonia. 

‘ \\rerG you to attempt to preci[)itate bismuth, by means of (‘arbonatc of 
amirionia, from solutions containing sulphuric acid or hydrochloric acid, 
YOU wordd obtain incorrect results, since with the basic carbonate, 
sulphate or basic chloride would be prcci pi tilted, which arc not 
(Iccojnposed by excess of carlionate of ammonia. Were you to filter 
off the precipitate without wjirming, a considerable loss would be sus- 
tained, as the whole of the basic carbonate would not have been separated 
(Expt. No. 83). 

1), Bn L/nifion. 

a. Compounds like the c.'irbonate or nitrate of teroxide of bismuth are 
iirnited iu a jtorcelain crucible until their weight remains constant. 

j]. Compounds of termxide of bismuth with organic acids arc treated 
like the corresponding compounds of oxide of copper (§ 1 11), 1, (L). 

c. Bj/ K capo ration , 

Thn solution of the nitrate is evaporated, in a porcelain di.sh on the 
watrr-bath, till the neutral salt remains in syrupy solution ; — add water, 
loosoii the white crust that is formed w'ith a glass rod from the sides, eva- 
porate again on a water-bath, reprecipitate with water, and repeat the 
whole o|»eratiou three or four times. After tlui dry mass on tlu^ water- 
hath has ceased to smell of nitric acid, it is allowed to cool thoroughly, 
and then treated with cold water containing a little nitrate of' ammonia 
(I in 500); alter the residue and fluid have l)een a short time together, 
filter, wash with the weak solution of ni^mte ol’ ammonia, dry aiul ignite 
(§ 50). Results very satisfactory (J. Lbwt:*). 

d. Bf/ Precipitation as Tecsnipldde of BlsinitfJi. 

Dilute the solution with water slightly acidulated with acetic acid (to 
pi'''vent the precipitation of a l)asic sjdt), and ])recipitate with sulphuretted 
liydi’egcMi water or gas ; jillow the precipitate to subside;, and test a portion 
ol the .supernatant Iluid with snlphnretted hiplro<ien water ; if it remains 
clear, which is a sign that the bismuth is com|)letely precipitated, filter (the 
lllO’ato should smell strongly of 11 8), and wash the precipiUitc with water 
containing sulphuretted hydrogen. Or mix with ammonia until tlie free 
arid is neutralized, and then add .suljdiide of ammonium in excess. 

J^lie waslied precipitate may now be w'eighed in three different forms, 
as .sulplildoj as metal, or as oxide. The treatment in the two former 
C'W.s will be described in 3 and 1 : in the latter case jwoceed as 
tollows 

SlTcaJ the filter out on a glass plate and remove the precipitate to a 
^cssclhy means of a jet of water from the wnush-bottlc — or, if this is not 
Factic;i,EJ( 3 ^ put tlie precipitate a n«l filter together into the vessel — and heat 
^ moderately strong nitric acid until com})leto decoin[)osition is 
^ the solution is then diluted with water slightly acidulated with 

^|cclic or nitric acid, and filtered, the tilter being waslied ’with the aeidu- 
Water; the filtrate is then linally preci[)itatod as directed in a. 

valuation of Bismuth as Chromate of Tero.ade. (J. LdWE"!"). 
the solution of teroxide of bismuth, which must be as neutral as 
* Journ. f. prakt. Chera. 74, 344. t Ibid. 67, 464. 


§ 120 .] 
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possible, und must, if necessary, be first freed from the excess of nitr;,, 
acid by evaporation on the water-bath, into a warm solution of 
bichromate of potassji in a j)orcelain dish, with stirring, and take c.iif: t, 
leave the alkaline chromate slightly in excess. Rinse the vessel wliii!, 
contained the solution of bismuth with water containing nitric acid intu 
the porcelain dish. The precipitate formed must be orange-yellow, anl 
dense throughout ; if it is llocculent, and has the color of the yolk of im 
egg, this is a sign that there is a deliciency of chromate of [totassa; in 
which case add a fresh quantity of this sJilt, taking care, however, to yainrl 
against too great an excess, and boil until the precipitate presents die 
proper ajipearance. Boil the contents of the dish I’or ten ininutcs, witli 
stirring; then wash the precipitate, first by repeated boiling wltli wiiitr 
and decantation on to a weighed filter, at last thoroughly on the Liiiir 
with boiling water; dry at about 1“2()^, and weigh. For the jnu- 
perties and composition of the precipitate, sec § bfi. Results very 
satisfactory. 

3. Detennination of Bismuth ns Sulphide. 

Precij)itate the bismuth as sulphide according to 1, d. If the jmeipi- 
tate contains sulphur, extract the latter by boiling with solution of snlpliile 
of soda, or by treatment with bisulphide of carbon (compare the di tciiiii* 
nation of mercury as suljdiide, §118, 3), collect on a weighed filter, dry 
at 100°, and weigh. 

The drying must be conducted with caution. At first the preci|iit;ite 
loses weiglit, by the evaporation of water, then it gains weiglit. iVoiu ih- 
absorption of oxygen, lienee you should weigh every half hour, mid 
take the lowest weight as the eorrect one. Conquire Ex})t. No. oS. 
Properties and composition, § HO, e. 

The sulphide of bi.smuth cannot l)e conveniently converted into tlic 
metallic state by ignition in hydrogc'u, as its complete deconiposilioii is 
work of considerable time. As regards reduction with cyanide el potas- 
sium, see 4. 


4. JjeterminaHon of Bismuth as Metal. 

The oxide, sulphide, or basic chloride that arc to be reduced arc I'lyf''^ 
in u porcelain crucible with five times their quantity of ordinary cyaiiH'-' 
of potassium. The crucible must be hirge enough. In the ca.se ol 
and basic chloride, the reduction is com])leted in a sliort time at a ' 
heat; sulp>hide, on the other hand, requires longer i'uslon and a hfua' 
temperature. The operation has been successful, if on treatment A\iti 
water metallic grains are obtained. The.se grains are first wa.shcd 
pletely and rajjidly w'ith water, then with weak, and lastly with ^tioiy 
spirit, dried and weighed. If you have been reducing the suljihi'h, 
on treating the fused mass with water a black })Owder (a mixture "1 i 
muth with sulphide of bi.smuth) is visible, besides the metallic graiut’) it'^ 
necessary to*luse the former again with cyanide of j)Otassiinu. I 

It sometimes haj)pcn3 that the crucible is attacked, and 
porcelain are found mixed with the meUdlic bismuth ; to prevent th's ^ 
8ix)iling the analysis, weigh the crucible together with a small dried 
before the experiment, collect the metid on the filter, dry and 
crucible with the filter and bismuth again. Residts g(md (H- 

The precipitation of bismuth as basic chloride, and the reduction o 

* Pogg. Anual. 91, 104, and 110, 138. 
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I'ltter with cyanide of potassium, has only lately been recommended by 
]I Kose.* The process is conducted as follows : — nearly neutraliz(i any 
l ipre excess of acid that may be present with potiissa, soda, or ammonia, 
add c'hloride of sodium in sulficient (quantity (if hydrochlori(; acid is not 
already present), and then a rather large (piantity of water. AIUt allow- 
in(r \o stiind some time, test whether a portion of the clear supernatant 
fluid is rendered turbid by a 1‘urtlicr addition of water ; and then, if re- 
quired add water to the whole till the precipitation is coni|)lcte. Finally, 
filter the precipitate, wash completely with cold water, dry and fuse 
according to the directions just given with cyanide of potassium. It is less 
advisable to dry the precipitiite at 100'', weigh and calculate the metal 
‘ present from the formula 2 Bi f- Bi Cl^, as washing causes a slight 
alteration in its composition, and if precipitated in the presence of sul- 
phuric, phosphoric acids, (fcc., it is liable to contain small cpiantities ol 
these acids. Kesults accurate. 


§ 121 . 

7. Oxide of Oadmium. 

a. Solution. 

Cadmium, its oxide, and all the other compounds insoluble in water, 
are dissolved in hydrochloric acid or in nitric acid. 

h. Determination. 

Cadmium is weighed cither in the form of oxidCj or in tliat of suljdiide 

(§ « 7 ). 

We may convert into 

1. Oxide of C’ad.mium. 

a. By Precijyitation. b. By Ljndion. 

The compounds of cadmium Salts of cadmium with readily 
tvhich are soluble, in water; the volatile or easily decomposable in- 
insoluble compounds, the acid of organic oxygen acids. 

]vhidi is removed upon solution 
in hydrochloric acid ; salts of cad- 
mium with organic acids, 

2. Sulphide of Cadmium. 

All compounds of cadmium without exce])tion. 

1 . Determination as O.vide of Cadmiinn. 

«. By Brecipitation. 

Precipitate with carbonate of soda or pobissa, wash the pirecipitated 
carbonate of cadmium, and convert it, by ignition, into the state ol pure 
The precipiUition is conducted as in the case ol zinc, § 10b, 1, a. 
m oxide of cadmium which adheres to the filter may easily be reduced 
Y volatilized; it is therefore necessjiry to be cautious. In the first 
choose a thin filter, transfer the dried precii)itate as completely as 
possible to the crucible, replace the filter in the funnel, and moisten it 
^'^ith nitrate of ammonia solution, allow to dry, and then burn carefully in 
Uoil of platinum wire. Lot the ash fall into the crucible conbiining the 
of the precipitate, ignite carefully, avoiding the action ot reducing 

• Pogg. Annal. 110, 425. 
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g.Tsca, and finrdly woigli. For tlic properties of tlic pi'ccipitate and rosiLliK 
see § 87. lie.siilts good. 

b. Jhf I ij nit ion. 

Same proeess as I'or zine, § 108, 1, c, 

2. Deterniinntion as Sulphide of Cadnuuni. 

Neutral or aidd solutions are precijntated witli aulpluiretted livdrosrin 
■water or gas, wliieli must l>e used in suflieient exeess. The jn’cscnw; of a 
eonsiderahhi (piautity ol’ free hydroehloric or nitric acid may — ('speoially 
if the solution is not (‘iiough diluted — prevent complete juvcipiuitiiiM, 
hence such an excess should he avoided, and the clear supernalant lliiiil 
should in all eases be tested, l)y the addition of a ndatively largr^ aiiiouiiLof 
sulphuretted hydrogen water to a j)ortion, before being hltered. Allcilinc 
sohuiuiis of cadmium may be j)recipitated with sulphide of iiiniiiuniiitii, 
Tf the stilphide ol‘ cadmium is free from admixed sul})hur, it may bo at 
once collected on a. weighed filter, dried at KXF, and weighed; if, (in tlic 
contrarv, it contains fnte suljdiur, it may^ Ixt jmritied b\^ boiling wllli a 
solution of suljjhite of soda, or by treatnumt with l)isulj)hi(h; of carlKni 
(sec Sul|)hide of mercury, § 118,3). Uesults accurate, dhu; precipita- 
tion of sul])hur may oectisionally be obviated by adding to the eiulniiiim 
sohilion cy;uiid(! of j)otassinm till the j)recij)itate first formed is redissulvcil, 
atid then preeijiitating this solution with sulj)hurett(;d hydrogen. 

If tlie sidjihidt; ol‘ c.admium is not to l)e weighed .’is such, warm it, to- 
g(;th('r Avith the filt(*r, with moder.ately strong hydrochloric acid, till tlid 
precijiitate has dissolved tuid the odor of sulphuretted is no IcngT 
perceptible, filter and ])recij»itate the solution as in 1, o, after liavini; re- 
moved the excess of free a<’id for the most p)art Ity evajioration. 


Supjdt'nienl to the FflJi (Jrou/). 


§ 122 . 

8. PllOTOXIDK OF FaLLADH’M. 

Protoxide of’ [lalladium is converted, for the ])urpose of estiin.’itioii, mw 
the inctdli'ie state ; or — in many separations — into double chloride oj irilhi'- 
diuin and potassium. 


1 . Detenniuation as Palladium, 

a. Neutralize} the solution of [eroUxddoride of p)alladium almost coin' 
jdetely with carbomito of' .soda, mix with a solution of cy;mide of nicrcurj , 
and digest the mixture for some time. A yellowi.sh-whitc precipitate d 
piag.ocyanide of palladium will subside; from dilute solutiems, only 
the laj>se of some time. Wasli this jirecipitate, dry, and ignite; 

the reduced metal obtained. If the solution contains nitrate of protoxa^' 
evaporate it first with hydrochloric aedd to dryne.ss; as otherwise the pi^^^ 
jiitate obtained deflagrates u[Km ignition (Wollaston). / 

b. Mix the solution of the j)rotochloride or nitrate of protoxi( c 

pall.’idium with I’ormiate of soda or ])otas.sa, and warm until no 
carbonic acid escapes. The palladium precij)itates in brillia'*! BcaA' 
(Ooijlheinkh). , 

c. Precipitate the acid solution of palladium with sulphuretted hp 
gen, filter, wash with boiling water, roast, and either convert the 
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ulnhate of protoxide of palladium formed into pure metal, hy ignition 
over tlic gas-lamp, or dissolve it in hydrochloric acid, and precipitate 
as in • 

‘ p^xposed to a moderate red heat metallic palladium becomes covia-ed with 
<\ film varying from violet to blue, but at a higher temperature it recovers 
Jta lustre ; this tarnishing and recovery of the metallic lustre is not 
attended with any perceptible difference of weight. Palladium rc(|iiires 
tlio very highest degree of heat for its fusion. It dissolves readily in 
nilroliyilrocddoric acid, with dilheulty in pure nitric acid, uiore easily iu 
nitric acid containing nitrous acid, with difficulty in boiling couceutrated 
sulphuric acid. 

2. T)ctermhafkm ns DovhJe Chloride of Pdl/adiuin and Pofassinni. 

Evaporate the solution of chloride of palladium with chloride of potas- 
siiiiii and nitric acid to dryness, and treat the mass when cold with alcohol 
of '833 sp. gr., in which the double salt is insoluble. Collect on a 
ivcighed filter, dry at lUO”, and weigh, Ivosults a litth', too low, as traces 
of tlu! double salt pass away with the alcohol washings (Pki:zi:lu;s). 

The doulilo chloride of ])alladium and potassium consists of micro- 
scopic octahodra; it presents tlic a])])earance of a vermilion, or if the 
crystals are somewhat larger, of a l)rown powder. It is very slightly 
soluble ill cold water ; it is almost insolnlile in cold s])irit of the above 
strength. It contains 20-701 palladium. 


.SIXTH (Uiorr. 


Teroxide of Ooim — Rixoxidf of Platinum — Tkuoxidf, of Anti- 
mony~Binoxii)E of Pin — Puotoxidf. of Tin — Auslnious anu Arsenic 
Aci ns-— (M ol V in > ic A c i n). 

§ 123. 


1. Teroxide of Gold. 

(i- Solution. 

Metallic gold, and all compounds of gold insoluble in water, are warmed 
^ith hydrocldorie aeid, and nitric acid is gradually addo<l until complete 
>‘>nlution is effected ; or they are repeateilly digested wdth strong (ddorine 
"ater. Tlic latter method i.s resorted to more especially in cast's where 
quantity of gold to be di.s.solved is small, and mixed with Ibrcign 
oxides, which it is wished to leave undissolved. 

Detcnidnation. 

^^nld is ahvays Aveiglied in the metallie state. The coni])Oumls are 

roiiglit into this form, either by ignition or by lu-cciiiitation, as gold, or 
s^lpWeof gold.- .y 1 i o 

convert into 

Metallic Gold. 


a. Ihj Ignition. 

‘A.ll compounds of gold which 
no fixed acid. 


b. Jh/ Precipitation as Metallic 
Gold. 

All compounds of gold without 
exception in cases where a is inap- 
plicable. 
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of tlic chloride of ammonium thrown down in conjunction witli it, 
dissolving at the s;xme time, a considerable portion of the doii])]o 
As a general rule, the rcsidts obtained by weighing the bichloride 
inum and chloride of ammonium in that form are one or two per oint 
too high. 

h. Bi/ Precipitation o.s Bichloride of Plaitn uni (tnd Chloride of Potnus'nii,. 

Mix the solution of the compound under examination, in a beake r, wh 
potassa, until the greater part of the excess of acitl (if then; be any) : 
neutralized; add chloride of jjotassium slightly in excu'ss, and liinlly 
pretty large quantity of absolute alcohol; should your solution orplaiinm 
be very dilute, you must concentrate; it previou.sly to the addition uf tli 
alcohol. After twenty hours, collect the preci])itato upon a wcigliod lilnr, 
wash with spirit of wine of 70 ])er cent., dry thoroughly at lOO , an; 
weigh. Now put a portion of the dried preci[)itate into a weiglnnl l)nlli-iiil, , 
and clean the tube-part of the latter with a f(>alher; then wcigli tlm tii!., 
ugiiin, to ascertain the exai't amount of bichloride of platinum and clilnrlil' 
of potassium wliich it contains. Connect tin; tiilx; now with an appiirap:' 
evolving dry hy<lrog(‘n gas, and heat its contents to redness, unlil no nior: 
hydrochloric; acid fumes are cvoIvcmI, which you nniy readily a.sdTfain ly 
holding a glass rod moistened with ammoida to the opeming of the liil'’. 
Allow to cool, remove; tlie tube from the aj^jiaratus, lill it with waUr. 
decant the solution of chloride of ])otassium cautiously, wash the nn 
duary platinum earefully, dry the tube thoroughly (l)y heating it in tin 
stream ol‘ hydrogen gas), and weigh. Subtract I’rom the weight loiiiid iln 
original weight of the empty tulu;, and calculate from the reinaiiuK r (tip 
weight of the residuary platinum in the tube) the amount ol platinum 
contaiiK.'d in the whole precipitale. 

For the properties of the precipitate and residue, sec § 89. 

The results .are more accur.ate than those obtained by nielhod c, 
on the OJie hand, the bieddoride of ])latinum and chloride of ])otas.-uiiiii n 
more insolulale in spirit of wine th.an the corres])onding .aniinonimii salt: 
and, on the other hand, loss of substance is le.ss likely to arise; diirlii)!' tin' 
proce.ss of ignition than is the case in method n. The results would 
less accurate were the ignition effected simply in .a crucible, instead ol J'J 
a current of hydrogen gas, since in that case complete decompo.sitiou 
not ensue, .at all events not if tin; .amount of subst.ance .acted uj)on i.s :il ‘‘ 
considerable. To weigh the Ixichloridc of pLatiijum and chloride ol ]>oUs- 
siuni in tli.at form would not be ju’actic.ablc, as it is impossible to lenioc. 
by washing with spirit of wine, all traces ol‘ the cldorid*; ol 
thrown down along with it, Avithout, at the same time, di.ssolving u I'odion 
of the double chloride. The redu(!tion may .also be eflec't<‘d with tlioui'P' 
ratus described § 108 (fig. fil or 02), or in a porcelain boat contaiiwu 
a wide glass tube, instead of in a bulb- tube. 

c. Jhj Precipitittion (is Bisulphide of Platiuuin. 

Precipitate the solution with sulphuretted hydrogen water or ‘ ^ 
cording to circumstances, heat the mixture to incij)ieut cbuHitioii, • 
wash the })recipitate, dry, and ignite according to § 52. For the 
tics of the precipitivte and residue, see § 89. The results are acciinite. 

d. By hjnition. ^ ^ ^ i , Unallyb 

Heat in a covered porcelain crucible, v(;ry gently at first, but i ‘ 

redness, and weigh the residuary pure platinum. For the prop«i 
the residue, see § 89. The results are most accurate. 
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( Jhl Pmipitation v'ith Reducing Agents. 

Various reducing agents may be oiriploycMl to precipitate platinum from 
ts solutions in the metallic state. The reduction is very promptly efTected . 
)Y sulphiito of iron and potassji or soda (the protosesqnioxide of iron being 
•enioved by snbsocpient addition of hydroeddorie acid, IIkni'kl), or by 
jure zinc (the excess of winch is removed by hydrochloric acid); somewhat 
hore slowly, and only with apjdication of heat, by alkaline formijites. 
prate of suboxide of mercury also precipitates the whole of the idatinnm 
bin solution of the bichloride ; upon igniting the brown jirecipitate ob- 
aiiied, fumes of subchloride of mercury escape, and metallic j)latiniim 


3. TnuoxioE OF Antimony. 

a. Solnfinn. 

Teroxide of antimony, and the comj)()unds of that metal which are inso- 
tililo in water, or arc de(‘om])osed by that agent, are dissolved in more or 
ess concentrated hydrochloric acid. Metallic antimony is dissolved best 
r iiitrohydrochloric acid. The ebullition of a liydnxddoric acid solution 
if torclilorido of antimony is attended with volatilization of traces of the 
after: tlio concentration of a solution oi' the kind by evajioration involves 
icconlingly loss of substance. Solutions .so highly dilute as to necessitate 
I recourse to eva|)oration must therefore jireviouslv be supers<atu rated 
X'ifli ]■)( itas.sM.. Hydrochloric acid solutions of teroxide of antimony, which 
t is intended to (liliite with water, must jua'vioiisly be mixed with tartaric 
icid, to prevent the separation ot“ basic salt. In diluting an acid sohitron 
Itautimonic acid in hydrochloric acid, the water must not be added gradu- 
illy and in small (piantitics at a limt‘, wliieh would make the tluid turbid, 
)ut in sufficient quantity at once, which will leave the tluid clear. 
h. /ktennination. 

Antimony is weighed (dther as tersnlphide or as metallic antimmap or ns 
Mniioiuate of teroxide (Sb 0 ) ; or it is estimated by volumetric 
Italy sis. 

IIk! oxides of antimony, and tbeir salts with readily volatile or de- 
Swiposable oxygen acids maybe converted into antimoniatc of teroxide by 
[1"11'1(‘ Antimony in solution is almost invariably first pre- 

’d'‘tatod as sulphid(>, which is then, with the view of estimation, converted 
^it'Mnliydrous sulphide, into the metallic stfite, or into antimoniato of ter- 
volnmetrically. The 1 lethod of estimating antimony 
. ‘ standard solution of iodine can only he employed when it is con- 
in the solution as pure teroxide. Hence it is only capable of limited 

as SnJpIdde (f Antimony . 

antimony solution hydrochloric acid, if not alreatly present, 
liiid ■ ^^id, and dilute with water, if necessjiry. Introduce the clear 

nito a flask, closed with a doubly perforated cork ; through one of the 
a tube, bent outside at a right angle, which nearly 
bottom of the flask; through the other perforation jxasses 
yfr tube, bent outside twice at right angles, which reaches only a .short 
flask ; the outer end of this tube dips slightly uiuhv water, 
'ofniirt tfle first tube sulphuretted hydrogen gas, until it pre- 

strongly ; put the flask in a moderately wuriu place, and after 
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some time conduct carbonic acid into the fluid, until the excess of }, 
other gas is almost completely removed; filter now without iiitenin^,,,, 
through a weighed filter, wash the ])reci})itate ra})idly and thor()ii<rli|\ 
water mixed with a few droj)s of sulphuretted liydrogen water^ drj at Iim 
and weigh. The precipitate so weighed always retains some valor ;,i 
may, besides, contain free sulphur; in fact, it always contains the laticr:' 
cases where the antimony solution, besides teroxide or tcrchloride, odiitnii, 
antimonic acid or pcntachloride of antimony, since the jn-ecipitatiuii uiih 
tliese circumstances is preceded by a reduction of the higher oxidi i; 
chloride to teroxide or tcrchloride, accompanied by scy)aration of siil|iliiir 
(II. Kosk). a furtlu-T examination of the j)reciy)itat(i is aeeordiihv 
indispentuiblc. 

To this end, tiaxat a siunple of the weighed precipitate witli stro,; 
hydrochloric acid. If 

a. The srimple di.ssolves to a clear fluid, this is a proof that the [iroei- 
pitate only contains Sb S.g but if 

h. Sulphur .so]>arates, this shows that free suljdinr is present. 

In case a, the great('r }*)rtion of the dried pr('cij)itate is weiglicd in: 
porcelain boat, which is then inserhal into a suflicicmtly wide glass tiilif 
about 2 decinietres long ; a slow current of dry cai'bonic acid is traiisiiiliie 
through the latter, and the l)oat cautit)usly luaited liy means of a lainj 
moved to and fro under it, until the orange precipitate hecoiiies Mad; 
this operation serves to ex}>el the whole of the water ja’csent. Tli( |'ri 
cipitate is then allow(‘d to cool in the ciirr(;nt of carbonic aciil. an 
weighed; from the amount found, the total (jiiantily of anhydrous sul]lin 
of antimony eontain<*d in the entire precipitate is ascertaimsl liyasiiii| 
calculation. The results arc accurate*. Kx)>t. No. 81 gave 9tf'21 in>i'a 
of 100. Ibit if the precipitate; is sim[dy dried at lOt)®, tlu* results a: 
about 2 per cent, too high - see tlu; stime experiment. For the |irnpet'lt 
of the ])r(,‘ci])itatc, see § 00. 

In case />, tin; pn'cipitate is snhjected to the same tre.ntment as iiic, "a 
this dift'erene.o only, that the contents of the l)oat aia; lieal(‘d nnidi i'"’ 
intensely, and the process is eontiniu'd until no mon; snljilinr is ( 

This removes the Avliole of tin; admixed .sulphur ; tin* residue consistsM pi 


tersulphide of antimony. It must lie completely solulde in fuming 
chloric acid on heating. 

According to Bunskx it is best to convert the sulphide of anlinicn) n 
antirnoniate of teroxide (see 2). 

The method (described in § 148) of estimating the .snljdmr in ^hc pi 
eij)itato dri(;d at 100°, and ealeulating the antimony from the difcnn' 
docs not give accurate rr-sults, since the pr(;eipitate, Ix-sidcs anti'''‘’| 
and sulphur, contaims also water. In cases, tlu'rel'ore, vhciv 
indirced method is resorted to, the water must first he cxpclb'! 
directed in a. 


The aTitimony m.ay ahso be d(;termined in the direct way, intb'l” 
cipitate dri(;{l at 100°. To this end, an .arujuot j)art of it is weigh' " 
bulb-tube, hydrogen ga.s transmitted through the latter, ami aven) g ^ 
h(!at applied, which is gra<hially increased, until no more f 
hydrogen eseaj)e8. It is liardly possible, liowever, to avoid a slig^‘^ 
antimony in this process, as a s?nall portion of that body is hut too d 
be meehaniwilly carried away by the liydrogen gas. I 

For the method of estimating the antimony in the sulphide vo a” 
cally and indirectly, sec 3, b. 
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2 J)etermmatwn as A titmoiiiate of Teroxide. 

a In tlie case of toroxide of antimony or a compound of the same with 
.,11 easily volatile or decomposable oxygen acid, evaporate carefully witli 
nitric acid, and ignite finally for some time till the weight is constaTit. 
The experiment may be safely made in a platinum (;rucible. With aiiti- 
nionic acid, the evaporation with nitric acid is unnecesstiry. 

h. If sulphide of antimony is to be converted into antimoiiiato of ter- 
(ixide, one of the two following methods given by BuxstN^is employed : — 
u. Moisten the dry sulphide of antimony Avitli a few drojis ol’ nitric 
arid of I ‘12 sp. gr., then treat, in a Aveiglnal porcelain crucil)le, with con- 
: rave lid, with 8 — 10 times the (piantity of fuming nitric acid, ij" and let 
' the acid gradually evaj)orate on the water-bath. The sulphur separattrs 
' it first as a line jiowder, Avhieh, however, is readily and completely oxidizcxl 
hiring the process of eAmporation. The white residual mass in the erucilde 
consists of antimonic acid and sulphuric, acid, and may by ignition be 
XHiverted, without loss, into antiiuouiale of teroxide of autimony. If the 
';iil])hide of antimony eonbiins a larg(! excess of free sul[)hur, this must 
first he removed by washing with bisulphide of carbon (sec /3 at the end), 
hcfcrc proexieding to oxidation. 

/]. Mix the suljdiidc of antimony Avith 130 — 50 times its quantity of 
jmre oxide of mercury, I and heat the mixture gradually in an ojuai por- 
rrlain crucible. As soon as oxidation begins, Avhicli may be known by 
the sudden OAmlution of gray mercurial liimcs, moderate the heat. When 
tlio evolution of mercurial fumes diminislics raise the teinperaturt? again, 
ahvaj'.s taking care, however, tliat no reducing gases come in contact with 
t lie contents of the crucible. Jlemove the last traces of oxide of mercury 
over the blast gas-lamp, tlum weigh the; residual lino Avliite j)OAvder of 
aiitiiiioiiiatG of teroxide of antimony. As oxide of mercury gcmerally leaves 
a frilling fixed residue uj)oii ignilioii ; the amount of this should be deter- 
mined on(*e for all, the oxide of mercury added ajiproximately Aveiglicd, 
and tlic correspoiuliiig amount of fixed residue deductinl from tin; anti- 
imniiate of teroxide of antimony, ddie volatilizalion of the oxide of mercury 
I'tmceed.s much more ra[)idly Avhen elu'ctod in a platiiiuiii crucililc, instead 
"l a porcelain one. 13ut, ii* a platinum crucible is employed, it must be 
dbetively protected from the action of antimony upon it, by a tjood 
"l o.xide of mercury. II If the sul})hido of antimony contains free sulphur, 
mis must first be nunoved by washing AA’ith ])isulphide of carbon, bciiirc 


, _ * Annal. d. Clietn. u. Pharm. 106, 3. 

l^itric .acid of 1-42 sj). gr. i.s not suitable for this purpose, as its boiling point is 
• inost 10 above the fu.sing point of .sulphur, wheivas fuming nitric acid boils at 
111’ ' below the fusing point of .sulphur. With nitric acid of 1 '42 sp. gr., 

T®’ ^'hfi separate<l sulphur fuses and forms drops, which obstinately resist 


11 Thi! 


It is best to use that prepared in the wet way (§ 60, 4). 
s( 1.1 * effected he.st, according to Punsen, in the following way : Soften the 
enV' Common test tube before the glass-blower’s lamp ; place the softened 

6x1 centre of the platinum crucible, ami blow into it, which will cause it to 

«f lii"* the exact form of the interior of the crucible, Crack off the bottom 

ix tl'^ i * formed, and smooth the sharp edge cautiously by fusion. A glass 

I'liiil!*! open at both ends, which exactly fits the crucible. To elfect the 

tftU 1 • **^^‘^*'*^ of this instrument, fill the crucible loo.sely with oxide of mercury uj* 
cihle^ gliuss gradually and slowly dow-n to the bottom of the cru 

llie ■ shaking out the oxide of mercury from the interior of the glas.'^. 

^-lic erucilde is tlius covered with a layer of oxide of mercury ^ — 1 line 
'‘pou iT • • ’ removal of the glass, adheres with sufficient firmne.ss, even 
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tin? oxidation can be procooded with, sinoe otliorwiso a sliLdit doflaLirntioii 
is unavoidable. The bisuljbido of carbon u.stal may bo Yory e.asily nr. 
tified, and then used again, so that tlie wasbing of a proei])itate iiiav In 
effected ^vit]l as little as 10 —1') grammes of bisulpliidc ofcarhoii. 


d. Volumetric Methods. 

Tlie ])roposals under this head arc based, either, 

a. Upon the conversion ofteroxide of antimony in an alkaline ^^oliiti,,!; 
into antiinonic aci<l, by means ot a s(an<lar<l solution of iodine (Si) () y 

2 1 + 2 Na O = Sb + 2 Na I). Fa. l\loua.* 

h. Upon the deeom])Ositi()n of the sulphide on boiling Avilh liydroclilnric 
acid, and the determination of the sul])hun!tted hydrogen evolved, (l;, 
SciINKlUERt). 

c. Fpon the conversion of teroxide of antimony in hydrochloiie add 
solution into antimonie acid, by means of a standard solution of eliromaii' 
of potassa, and estimation (*ftli(! excess of the latter, by means (»f a stamlanl 
solution of protosuljdiate of iron (F. Ki:ssm:u;|;). 

d. Upon the oxi<lation of the UToxide with permanganate (Kkssi,!: i!||), 
c. U])on the conversion of antimony iiito antimonie acid. nMliicliiai o( 

the latter to teroxide, bv a standanl solution of protochloridc of tin, at 
do®, ajul estimation of the excess of j)r<)tochloride of tin, by a standard 
solution of chromate of potassa, after aiMition of some solution of ii)dld( el 
potassium and starch paste (A. STiUvNa;^), 

The metliod e is altogether unlit for the intended purpose, ns osti- 
mfitions ma<le with protochloridii of tin and bichromati' ot potassa nria iii 
themselves, unreliable. 


a. Volumetrii' Eslrmotlou irif/i Iodine. 

Even this method gives usid>l(! n-sults only under c(‘rtain very fblmitc 
conditions; for teroxi(h‘ of antimony has not invariably t he same teiid'tu.}. 
in alkaline solution, to changes to antinundc acid; but this tendiin} y 
grenite*!* in presence of a lai'g(.' ]iroporti(»n ol alkalim* carbonate, ih.'iu 
})resencc of a small ])roportion, and i)ecoines c()nstant. only in preseme el 
certain excess of alkaline (‘arbon.ate. To obtain accurjit<‘ results, tlicrt leK'- 
it is necessary to ])roceed as follows: — , 

Dis.solve a ])ortion of the eompournl under examination, eejitnin'i- 
.'(bout 0-1 grin, teroxide of antimony, in about It) c. c. of tartaric acid 
water, and add solution of (carbonate of soda in sutlicic'nt (plant ily 1" 
the Iluid about neutral. Add now 2<) c. c. of a (’C)ld sat urated solid'"’' 
bicarbonate of soda; the Iluid will remain clear; add sonit* starch 
and finally, drop by drop, standard solution of iodine (§ 1 Hi), nidil i n 
fluid, after being stirred, remains just blue. The disapjicarancc fd ta 
color, a. sliort time after, must not induce the operator to add any 


solution of iodine; 
of antimony. 


2 etp of the iodine used eorresjiond to 1 c(|. f"’ 




^riie results obtained are (piite satisfactory (Ivxjit. No. Ho), i 


tovn'l 


recommend the use of the inonocarboriate of soda which Fk. Armia l a’P 
in his experiments, as that stdt has of itself the jirojicrty ol fixing a 
siflerablo proportion of iodine, which varies, moreover, with the (pain 


* Lelirbuch dcr Titrirniethodo, Rupplement to part i. 37b 
t Pogg. Anna). 110 ,031. 

X Ibid, 118, 17 ; ZeitHchrift f. anal. Cheni. 2, 383. 

11 I’ogg. Annal. 04, 493. 
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of w'it(T used (Expt. No. 8()), wliilst this is not the ease \vitli tlic bicar- 
Late (Expt. No. «7). Comp, also § 127, 5, 1, and Expt. No. 88. 

1) Estimation la/ dtlcrminimj the Suljdiu retted lfi/dro(/(:n yicen 

'll}) bij the Sulpliide- . ^ _ 

Botli tersuiphide and pcntasulpliide yield under the action oi boiling 
liydrochlorie acid d eq. of sulphuretted hydrogen lor every 1 cq. of anti- 
iiioiiy. Hence, if the amount of the gns evolved under such eircunistances 
is (i.sliinatcd, the amount of antimony is known. 

Por decomposing the sulphide and absorbing the gas the same apparatus 
servos as Bijnskn cinjiloys for his iodimetric analyses (§ IdO, tig. 07). 
Tlie size of the boiling llask should depend on the quantity ot suljdiide ; 
for (piantitics up to O-l grin. Sb S,, a llask of 100 c. c. is large enough ; 

.4 l-O gnu., use a 200 c. c. llask. The body of the fla.sk should be 

spherical, the neck rather narrow, long, and cylindrical. If the sul[)hide 
of antimony is on a lilter, put both tog(*ther into the llask. The hydro- 
chloric acid should not be too concentrated. 

The determination of the sulphuretted liydrogen is best conducted 
according to the inethod given in § 118, l>. The results obUiined by 
jScHXKiuiui are satisfactory. 

If the precdjiitate contains chloride of antimony, the results are of course 
false, and this would actually be the ca.se if on precipitation with sulphu- 
retted hydrogen the addition of tarUude acid were omitted. 

e. Volumetric Estioadioii with Bichromate of Potash. 

1. Kiaausrrts. 

Standard Solution of A rsenious . \cid. 

Dissolve exactly 5 grin, pure ar.senious acid by the aid of some soda 
solntion, add hydrochloric acid till slightly acid, then 100 c. c. more ot 
hydrochloric acid of 1T2 s]). gr., and dilute to 1000 c. c. hatdi c. e. 
contains 0'005 grni. arsenious acid and corresjmnds to O'OOTOT l teroxide 
of antimony. 

Solution of Bichromate of Potassa. 

Dissolve about 2-5 grin, in water to 1 litre. 

Solution of Protosulphate of Iron. 

Dis.s()lve about IT gnu. iron wire in 20 c. c. dilute sulphuric acid (1 
vol. cone, acid + 4 vol. water), filter, and dilute to 1 litre. 

Solution of Ferricj/anide of Potassium. 

Should bo tolerably dilute and freshly prepared. 

2. I)K.TEnMINA.TION OF THE SOLUTIONS. 

Behitioii betiveen the Solution of Chromate and the Solution of Iron. 
hun into a beaker 10 c. c. of tlie chromate solution from the burette, 
add 5 c, c. of hydrochloric acid and 50 c. c. water, and then add iron 
solution from a burette till the fluid is green. Conlinuc adding the iron 
seluiion^ a c. c. at a time, testing alter each adilitiou whether a drop ot 
ihiid, when brought in contact with a drop of the ferrieyanide of potas- 
►'^uini, on a porcelain plate, manifests a distinct jirotoxido ot iron rcxiction. 
s soon as this point is attained, add 0'5 c. c. ot chromate solution and 
iron solution two drops at a time, till the blue reaction just occurs, 
ow read ofl both burettes, and calculate how uiiich chromate solution cor- 
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respomls to 10 c. c. of iron solution. Tliis experiment is to ho rcpoutKl 
before every fresh series of analyses, as the iron solution gi.uhi.illy oxidizis. 

Relation between the Chromate .Solution and the Solution of Arsmim 

Transfer 10 e. c. of the arsenic solution to a beala'r, add *20 e. c. hydro- 
chloric acid of M2 sp. j^r., and SO— 100 c. c.* water, run in elnnnnte 
solution till the yellow color of the llui<l shows an ('xeess, wait a tw 
minutes, add excess of iron solution, then again Om chromate soliilion. 
and linally again iron solution till the end-reai'tioii apj-ears (s.'e ahov.,). 
Deduct from the total (piantitv of chromate solution ('mi)loved, the ainmiiit 
corresponding to the iron used, and from the datum thus atlordcd calculate 
liow much teroxide of antimony corresponds to lOb c. c. ol (diroiiiate solu- 
tion ; in other words, liow much Sb is converted by the ([iiaiiLity ut 
chromate mentioned into Sb O^. 


3 . Thk actual Analysis. 

In the absence of organic, matter, heavy metallic oxides, and other hodifs 
which are detrimentar to the ri'action, dissolve the sidistance c..iitaiiini;| 
teroxide of antimony, at once in hydrochloric acid. The solution shoiihl 
contain not less than ’ of its volume of livdrochloric acid of l l’J sp. -]■. 
It is not advisidile, on 'the other hand, that it should contain more than .. 
otherwise the end-naction with ferricyaniih' of potassium is slow.-r in iiiaking 
its appearance and loses its nicety. Tartarie acid cannot b(‘ cniiiloynl as 
a solvent, since it interferes with the normality of the action ol chroiiiio 
acid on protoxide of iron. Now ])roceed as diri'cted in 2. H t ic i not 
deterndnation of the }iv<lrochloric acid solution is not. praclii'able, jnci ipitatr 
it witli sulphuretted hydrogen. Wash tlie j>recipitat(‘, transhn’ it, togt d 
with the filter, to a small lla.sk; treat it with a sufliciinicy <.f hy>hurliloi'u| 
acid, dissolve by digestion on the water-bath, add a sulliciinit (lu.mtiU 
a nearly saturated solution of chloride of iiHn’cury in hydrochlein <i( i| 
M2 sp.gr. to remove the sulphuretted hydrogen, and tlieii [ironnw 
directed. 


(1. Vohiiiietrie Detennination V’ifh J^eninnnfanate of Potash, p 

H(*re also the Iluid mu.st contain at Icnist j, of its volume ol liydiei i nr^ 
acid of M2 sj). gr. 'The permanganate solution, which may (‘oiilnm 
1-5 grin, of the crystallized s;dt in a litre, is addc'd to jiernianeiit red ciinir^- 
^riie end-reaction is exact, and the oxidation of the teroxide el 
to antirnonic acid goes on uniforndy, although the degref* ol (liliiln'im| 
vary, jirovided the above relation between liydrocldoric. acid mid 
kept up. It is not well that the liydrocldoric acid should exceed e 
volume of the Iluid, as in that case the end-reaction would 
sitory. Tartaric acid, at least in the proport.ion to ti'roxide el 
in which it exists in tartar emetic, does not interfere ^yitll ’j''' 
lienee the permanganate may be standardized by the aid ol 
tartar emetic of known strength. 

If you have to analyse siilpldde of antimony, pro(‘eed 
make the fluid mixed with chloride of mercury uj) to a certain 
allow to settle, and uho a measured iiortion of* the perfe.ethi cl('<t^ 
for the experiment. 

* The water must he ineaHured, for the action of chromic acid 
(and algo on teroxide of antimony) is normal only if the fluid coutaiuaat c 
of itH volume of hydrochloric acid of 1 *12 »p. gr. 
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4. Protoxide of Tin, and 5. Binoxidk of Tin. 

a, Soliiiion. 

In dissolving com])Ourid3 of tin soluble in water, a little liydrocliloric 
1016 is added to insure a clear solution. Nearly all the com])oun(ls ol‘ tin 
insoluble in water dissolve in liydrocliloric acid or in aijua regia. The 
hydrate of inetastannic acid may be dissolved by boiling with hydrochloric 
iicid decanting the fluid, and treating the residue with a large ])ro|)ortion 
of water. Ignited binoxidc of tin, and compounds of the binoxidc in- 
soluble ill acids, are prepared for solution in hydrochloric acid, l.>y rt.ducing 
tlietn to the state of' a fine powder, and fusing in a silver crucible with 
hydrate of potassa, or soda, in excess. AlcUillic tin is dissolved best in 
lujua regia ; it is generally determined, however, by converting it into 
hiiioxide, without jirevious .solution. Acid solutions of l iinoxide of tin, which 
contain hydrochloric acid, or a chloride, cannot be concentrated by evapo- 
ration, not even after addition of nitric acid or sulphuric acid, witliont vola- 
tilization of bichloride of tin taking jilace. 

h. Iktermiaation. 

Tin is wiughed in the form of hino.ri<J<% into which it is converted, either 
by the agency of nitric acid, or by preci[)itation as hydrated binoxide, or 
by preeipitation as sulphide. 

A great many volumetric nuithods of estimating tin have been proposed. 
They all depend on obtaining the tin in solution in the condition of jiroto- 
cliloridc, and converting this into bichloride either in alkaline or acid 
solution. A few only'’ yield satisfactory results. 

We may convert into 

Binoxide of Tin. 

0. Bji the otjcncji of Nltrir Acid. 

Metallic tin, and those compounds of tin w’hich contain no fixed acid, 
provided no compounds of chlorine be prtisent. 

b. Bij Brecipitolion IljfdraUd Binoxide, 

All eomjxounds of tin containing volatile acids, provided no non-volatile 
organic subsUinces nor .se.scpiioxide of iron be present. 

e. Bj! Precipitation as Sulphide. 

All compounds of tin w-ithout oxcejAion. 

hi methods a and c, it is quite indillerent wdiether the tin is present, in 
6ie shite of protoxide or in that of binoxide. The method b rcipiires the 
bii to be ju-esimt in the .state of binoxide. d'he volumetric methods may 

r'liiployed in all cases; but the e.stimation is sim})lo and direct only 
J'here the tin is in solution as protochloride and free from other oxidizablo 
iiidies, or can readily be brought into this sUte. For the methods ot de- 
h'linining the protoxide and binoxide in presence of each other, I refer to 
Wloti V. 

h iktermination of Tin as Bino.ride. 

Jj. Bp Treating with Nitric Acid. 

This method is resorted to j)rincipally to convert the metallic tin into 
"iioxide. For this juirjiose the fincly-ilivided metal is put into a capricious 
and moderately concentrated pure nitric acid (about Fd sp. gr.) 
Mually poured over it ; the flask is covered with a watch glass. When 
first tumultuous action of the acid has somewhat abated, a gentle heat 
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is applied until the binoxidc formed appears of a ])ure white color, ain} 
further action of the acid is no longer pcrce[)tihlc. Tlie contents (,j‘ 
flask are then transferred to a ]x)rcelain dish and Gva[)orate(l on ;i 
bath to dryness, water is then added, and tlie precipitate is collected on a 
filter, washed, till the washings scarcely redden litmus pa})er, dried, innitii] 
and weighed. The ignition is cll’ectc'd best in a small [)orcelain cnicil,^ 
according to the directions given in § ToS ; still a ])latinnm crucililo mav 
also be used. A simple red heat is not suflicient to drive off all the water; 
the ignition must therefore be finished over a gas blow-])ipe. ('uiiijioiiiK];; 
of tin which contain no fixed substances may be converUHl into 
by treating them in a porcedain crucible with nitric a(dd, evaponitiii^ 
dryness, and igniting the residue. If sul|)huric acid Ix' present, the ex. 
pulsion of that acid may be promoted, in the last stage's of the jircccss, 
by carbonate of ammonia, as in the case of bisulphate of potassa (§'.>7); 
here also the heat must l)e increased as miudi as possible' at the end. For 
the properties of the residue, see § 1)1. 'Fhe results are accurate!. 

h. Bif PrccipiUftion us Updnitc of Binoj ide. 

The applicatie)n of this method presuppej.ses the whole of tlie tin to he 
pro.sent in the state! eef binoxiele! or bichloriele. Therefore, if a seliilioii 
contains protoxide, either mix with chlorine* wateer, or cenielue’t ehleriiio gis 
into it, or heat gently with edilorale- of potas.sa, until the' e-onversioii ol ilic 
protoxide into binoxide! is eflefe-te-el. Wlrnii this has bee-n done, add am- 
monia until a iiermanent jirecijiitate jtist begins to form, and then hydio- 
chloric acid, drop by droj), until this ])recipitate is ceeinplete'ly redissolvod; 
by this means a large exeexss of hyelreeohlejrie aeiel in the se)lution ivill he 
avoided. Add to the fluiel so pre'pareel a eeau'cntrate'd .solntioii i>f idfnitu 
of ammonia (or sulphate of .seiela), and aj»pl}’ he!at liir senne tiiiu', wlan- 
upoii the whole of the tin will juarcipitatc! as hyelrate of binoxidi'. Decant 
three times on to a filte'r, the-u colles't the! prejeij)itate‘ on the latter, wadi 
thoroughly, dry, and ignite. ^Pe) make* epiito sure that the* whole cl the 
tin has sejearateel, yon nee'el simply, Itelbre! procejoeling to tilteT, add a lew 
drops of the clear supernatant fluiel to a heit solution of nitrate! of amiiieiiia, 
or suljihate of soela, when tlic formation or nonfe.>rniat.iun of a pre!ci[iitatc will 
at once! decide tlie epieslion. 

This method, which we owe te) J. LbWKXTUAL, has be'cii re'jicatedly t' sled 
by him in my own laboratory,* is ea.sy anel cemvonie-nt, aiiel gives viiy 
accurate results. The dejcompeisitiou is ex[)resseel hy the e'epiatinii, Sid Ij 
+ 2 (NII^ 0, NOJ4-2 M 0-8n (>,-f-2 NII^ ('1 + 2 (NO^, 110), ‘>r, in f'- 
cipihiting with sulpliate of soda : Sii Cl +4 (\a O, S O ) + 2 1 1 O Sn Dj 
-t-2NaCl + 2(Na(), IIO, 2S(\). ’ 

Till may also, according to If. Kosk,| ho coinphitely jirecipitatcd 
solutions of the hiiioxide e^r bichloride, hy Hiil[)hiiri(! acid. li’the! soliiH'm 
contains metcistannic aciel or metachloride of tin, the preci])itatioii 
effected without extraordinary dilution; on the other hand, if it coiitai’'^ 
these modifications of the binoxide or liichloriele, very ceensieh'i ahle dilaO'a 
is neee.s.s;iry. If free hydroehloric acid is ahseint, the precijiitation is rapid, 
in otlier cases 12 or 21 hours at least are re([uired l()r perfect, precijdjata’a- 
Allow to settle thoroughly, before filtering, wash we 11 (if liydroclduricacH 
was presen^ till the washing.s give no turbidity with nitrate of silver), 
and ignite, at last intensely witli a<l(litioii of some car bonate of aiiiiii^'“‘|‘' 
Ihc results obUined by Okstln, and coiiiinunicateil by JI. Ko.sk, an) • 

* Journ. f. prakt. Chem. 56, 366. f Pogg. Anual. 112, ICh 
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§ 126 .] 

c. By Frecipitatiou as Protosulphide or Bisulphide of Tin. 

Precipitiite the dilute moderately acid solution with sul})huretted hy- 
(jro'^ea w;iter or gas. If tlie tin was present in the solution in the form of 
protoxiile, and the precipitate consists accordingly of the brown j)rotosul- 
pliide, keep the solution, supersiiturated witli sulphuretted hydrogcm, 
btanding lor half an hour in a moderately warm })lace, and then tilter ; if, 
on tlie other hand, the solution contiiin a sidt of binoxide of tin, and tlie 
|)recii)itate consists accordingly of the yellow bisulphide, ])ut the fluid, 
loosely covered, in a warm place, until tlie odor of sulphuretted hydrogen 
has nearly gone off, and tlnni filter. The washing of the bisulphide of tin 
preei|iltate whicli has a great inclination to pass through the filter, is best 
cli'oeted with a concentrated solution ol‘ chloride of .sodium, the remains of 
the latter being got rid of by a solution of ac(;tate of ammonia containing 
a small excess of acetic; acid. If then; is no objection to having the latt(;r 
salt in the liltrate, the washing may be entirely elfected by its means 
(Bunskn*). Put the lilter, with the not yet (piite dry precipitate on it, 
into a porcelain crucibh', and a])ply a veay gentle heat, with free access of 
air, niitil the odor of' sulphurous acid is no longer perccjitible. Increase 
tlic heat now^ gradually to a high (h'gree of intensity, and treat the residue 
ivpcatcdly with some carbonate of ammonia (s(;(‘ u), in order to insure the 
comjjlctc expulsion of the sulphuric acid which may bo present. Were 
yon to ajiply a very intense heat from the beginning, fumes of l)isul])hide 
of till would csca]»e, which burn to binoxide(Il. Posl). For tlie ]>ro])ertics 
ol the precipitates, see § 111. The results arc accurate. 


2. Volumetric Methods. 

file doterinination of tin liy tin' conversion of the proto- into bichloride 
tMtli the aid ol oxidizing agents (liichromate of ]iotas.sa, iodine, permanga' 
iiato of pota.ssa, I'lic.) oilers peculiar dilHcullies, inasmuch as on the one 
loiid the protochloridc of tin takes u]> oxygon from the air and from the 
used lor dilution, with more or le.ss rapidity, acc'ording to circum- 
‘^tiiues; and on the other hand, the energy of the oxidizing agent is not 
‘‘ Ways the .same, lining inlluenced by the state of dilution and the presence 
^1 H larger or smaller excess of acid. 

hi the following methods, the.<e sources of error are avoided or limited 
‘n sueh a manner as to render the results satisj^ictor\\ 

1. Estinuition of Protochloride of Tin by Iodine in Alkaline 
Solution {(fter 1ji;nssen|). 

I)is.soIvG the protosalt of tin or the metallic tinj in hydrochloric acid 
‘I stream of carbonic acid), add Kocholle s:ilt, then bicarbo- 
^ excess. To the clear alkaline solution thus formed add 

‘^• 1(1 allerw'ards the iodine solution ol’ § I Id, till a 

I blue coloration appears. 1 eti. freo iodine u.sed corrcsi)ond3 to 

^ till. Hi 

^-ii-NssEN s results are entirely satisfactory. 


j. y * Annal. d. Chem. u. Ph.arm. 106, 13. 

+ The i ‘h u. Plunmi. 114,* 113. 

^hieh is , metnllio tin is much assisted hy the inesciico of platinum foil, 

’''‘'iinhle • 'y’^^*''^higly added. Leiissen found this addition of platinum to be ohjec- 
result^^ experiinoutcr has observed that it interferes with the accuracy 



250 


DETERMINATION. 


[§ lil. 


2 . of the I^i’otochloi'uhi oj" 7'tHy (tj'tt'i udddutu uj 

Sasquicfiloride of Iron. 

The fact that protochlorido of tin in acid solution can 1)0 far lun,., 
accurately oxidized by oxidizing agents alter being niixtal witli 
chloride of iron (or even with chloride of coi)per) than without this addi- 
tion, was llrst settled by LiiWKSTHAL.* Snbse.pieiitly STKOMi;vi:i;t l)uldisl„,l 
some exjierinients leading to the same results, toother witli prariial 
remarks on the liest wav of carrying out the inetliod in dillere.it, cas,. 
The processes thus originated, and which have been well tested, are is 

follows : — . T ■ 1 • 

u The -riven substance is a )>roto-sidt of tin. Dissolve; m pure srs.)ui. 
chloride of iron (free from protochloride) with addition ot l.ydrnehlnn, 
acid, dilute and adtl standard pi-rmanganate from the burette. Now luakr 
anothc-r experiment with the same .piantity of water similarly colon d will, 
ses<iuichloride of iron to ascertain how much permanganate is reiiuiivd to 
tinge the li<iuid, and subtract tin; (,uantity so used Irom the aineunt 
cmtiloyed in the actual analysis, aiul from the remainder calculate the tin. 

The reaction between the tin sidt and the iron solution is SnU (• le d 1 - 
SnCl +2 FeC’l. ddie solution thus contains protochloride ol iron in the 
])lace\-)f proto-salt of tin, the former being, as is well known, lar less sus- 
ceptible of alteration from tlie a<’lion ol Irce oxygen than the laUn. - o[. 

iron found corresiiond to I eci- tin. . i i n ■ 

k d’he given std.stance is metaHic tin. Either dissolve' in hydroelil-uR' 
acid— preferably with addition ol' platinum and in an atinosidiere ot 
bonic acid— and treat the solution according to o, or place the siilistance 
at once in a concentrat<Ml solution ol .ses(piichloride ol iion, 
a little hvdrochloric acid; under these circuinstances it will, i 
divided, dissolve (piickly even in the cold and without evolution " 
hvdrogen. (ieiitle warming is unobjectionabh!. Now add the li'niiun 
ganate. ddie reaction is Sn -S 2 Fe, t — Fl.^-f 4 ^ h’ 

4 e(j. iron found reduccul correspond to 1 (;<[. tin.^ ^ ^ , 

course only correct, when iron is not present. Where this i^ tic ei , 
proceed with the impure tin solution ai'cordiiig to c. ^ 

c. The given substance is bichloride ol tin, or binoxhh' ol tin, oi 

pound of tin containing iron. Dissolve in water evith addition ot h}' 
acid, plac(! a plate of zine. in the. solution and allow to stand V ^ 
thcai ri'inove the precipitated tin with a paint-brush, wash it, < 
gcS(pii<4iloride. of iron, and proceed as in ft. ^ ^ I (if:in 

d. Tin; given sub.staiK’e is jnire bisulphide (j 1 t in, j>n!cipit«it' ' |*!'| .j,],, ,)[ 

acid solution of bino.xide free Irom proto.xide. IMi-x w'ith scMpO' ’ ^ , 

iron, heat gently, filter olV the .Hulphur, and then add the 4 . 

4 eip iron corresjKmd to 1 erp tin, lor SnS,^ t 2 Fe.^( 1, 2 + 

2 S. The results obtained by SrimMEYKii are (piite salislactory. 


§ 127. 

0. Ausenious Acid, and 7. Aksenic Acid. 

a. Solution. _ _ t soluh'*' ''' 

The compounds of ar.senious and ar.senic aci<ls which are .jtid 

water are dissolved in hydrochloric acifl or in nitroh) < i’o( 1 
Some native arseniates require fusing with carbonate ol so< 

Il7 

* Journ, f, prakt. Chotn. 76, 484. t Annal. d. Cliein. u. Pbarm. > 
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irseiiic, snlpliifle of arsenic and metallic arsenides arc dissolved in fuming 
utric acid or nitrohydrocldoric acid; those meudlic Jirsenides which arc 
nsohiblc in these menstrua are fused with carbonate; of soda and nitrate; of 
)otass;i, by which means tliey are ce)nverteel into sejlulde arseniutes of the 
Alkalies and insoluble metallic e)xides, or they may be sus))f;nele;d in ])()tassa 
solution and treated with chlorine; (§ Ih l, B, 7). lu this last manner too, 
su][)liiel(; of arsenic, dissolve:;d in concentrateel jAejtassji, may be very easily 
rt'iulered soluble. All solutions e>l‘ com])ounds of arseaiic wliich have been 
cilbctcel by long heating with fuming nitrie; acid, eor by warming with excess 
of nitrohydroeddoric acid, e)r edilejrine, contain arsenic acid. A seelulion of 
ursenious aciel in hyelroedilorie* acid canne)t be emneentrated by e;vapora1 ion, 
diice' (dileeride of arsenic would e'seape with the hydrochleoric aciel fumes. 
This, lioweiver, less reaidily take.‘s ])lace if the solutieeii contains arsenic 
acid; it is advis:d)lo in all ease;s where a hyelnochloric aciel solution con- 
tiiitiing arsenic is to be coucentrate;el, previously to render the s;ime 
alkaline. 

b. Ddenmnation. 

Arsenic is winghed as (trseniafr of lend, or as aiModnte of magnesia and 
awiioiiin, or as arseniafe of' sestinot.ride of iron, or as tersidphide of ars( nie. 
The dcteriniiiation as arscuiate; of magnesia and ammonia is sumetinu's 
prccolod hy precipitation as arscuio-molybilatc of ammonia. Ansciiio 
may be estimated ;dse) in an indirect way, ami Ity volnnietrie nuthads. 

We iiuiy e;onvert into 


1. AliSKNIATK e)l' TU'.\I). 

Arsnnious and arscidc acids '\n a<]uoous e)r idtric acid solution. (Acids 
or halogeuis forming lixeel salts with e)xidc of Icjul or metallic loael, must not 
be |)re.sc*nt.) 

2. Ausi:ni.\tk of MA(iNKSi.\ and Ammonia. 


0 . lij/ direct Preripitatiioi. 

Arsi'iiic acid in all solutieens freu; iVom ba.se'S or acids precipitable by 
magnesia or ammeeiua. 

b. Preceded hg Preeipifation as Arsenio-Molghdate of Amnuada. 

Arseafic aciel in all cases whe're me pliosphoric, acid is present, nor any 
substance by which nmlybdic acid is dccompecscel. 

d. Ailskniate oe SKseirie)xiDE of li:e)N. 

Arsenic acid in solutions fre'c from substaiK'OS prccl]ntable by se'srpii- 
^doiidc ol iron with aelditiofi of ammonia or carbonated of baryta. 


A. TEusuLriiiDE OF Au.senu:. 

All cemiponnds of arsenic without oxevptiem. 

Aisiiiiic may be de'tennine'd volume'trically in a simple^ and exact manner, 
ml ler present in the i’orm of arsenious aciel or an alkaline arsenite, or as 
‘^f uie acid or an alkaline arseniato. MMie volunuM.ric metheuls have now 
entirely supers(;ele;el the indirect gravimetric nictliods formerly 
‘4*oyed to elfcot the estimation of arsenious aeiel. 


h ^letcnnination as Arseniafe of Lead. 

^ ^vsenic Acid in Agueous Solution. 

(ligh portion of the solution is j)ut into a ]ilatinum or porcelain 

) and a weighed amount of recently ignited pure o.xide of lead added 
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(about five or six times tlie supposed quantity of arsenic acid present); tlie 
mixture is cautiously evaporated to dryness, and tlie residue lieuiedtu 
rcntle redness, and maintained some time at tliis temjX'ratiire. Tlit 
residue is arseniate of lead -f oxide of lead. Tlic (piaiility oibusenie anj 
is now readily found by suldracting from tlie weight of the residue timid 
the oxide of lead added. 

For the projierties of arseniate of lead, see § h'i. The results art 
perfectly accurate, ])rovided the residue l»c not heated beyond gujiil,; 
redness. 

b. Arsenious Acid in Solntion. 

i\Iix the solution with nitric acid, evaporate to a small liulk, ahl a 
weighed (piantity of oxide ol lead in excess, evajiorate to dryness, ami 
ignite the residue most cautiously in a covered erueibh;, until the whole ol 
the nitrate of lead is (hromposed. The residue consists liere also ol 
arsenic acid + oxide of lead. This method requires considerahh! care to 
guard again.st lo.ss by decrepitation upon ignition of the nitrate of lead. 

2. Kdimatiun hs Arsctindc ojMinjnct^ui and Ainnivnai. 

a. Ihf Direct Precipitation. 

This m(.‘thod, whicii was first recommemhrd by liiivoL, presupposes that 
the wliole of the arsenic is eont^iined in tlie solntion in the loi’iii ol aisoiiii; 
acid. Where tliis is not the ea.se, the .solntion is gently heated, in a 
capacious flask, with hydrochloric aciil, and chlorate of j)ota.s.sii addol in 
small portions, until the fluid emits a strong smell ol ehloroirs :icdd ; ins 
then allowed to sUind at a gentle lieat until the odor ol this gas is iinarly 
gone off. 

The ar.senic acid solution is now mixed with ammoiiia in excess, wlildi 
must not jaajdnce turbidity, ev(‘n after standing .some time ; a suliiiieii "1 
suljdiate of magnesia is then added, conUiining iddoride ol ainineidiiiii 
suliici(mt (piantity to j>revent its being nanha-ed turbid by ammonia. (1 ^ 
best way is to keeq) a solution of snljdiate of magnesia mixed with cliknim. 
of ammonium and ammonia ready prej>ared in the laboratory— .s(;0 § f-h b.) 
The fluid, which simdls strongly of ammonia, is allowed to stand 12 hcins 
in the cold, and then lilUax-d through a weighed filter. The j»recipltate i'’ 
then transferred to the filter, with tin; aid of ])orti(ms of the filtrate .so .is W 
use no more washing water than nece.s.sary, and wa.shed with small 
of a mixture of three parts water and one j)art ammonia, till the wa.diing^'^J'^ 
being mixed with nitric acid and nitrate of silver show only n slipl'’^ o]n 
escence. The j)recij)itate i.s dri(^d at lOo to 1 IfF, and weighed, h 
the formula 2 Mg O, N 11 ^ (.), As aip* . 

For its properties, see § 92. This proce.ss yields, it is true, 
results, but tliey are .still always somewhat too Imv, as the preci]>iu 
jterc.eptibly soluble even in animoniacal water. The error . . 
ininished by measuring the filtrate (without the wa.shings) 
every 10 c. c. 1 mgrm. to the weight found of the precipitate. 1^ 
the coiTCctiim to the washings is inadmi.ssible, since they cannot he 
as a satnraUid .solution. 

b. Preceded hi/ Precipilaiion rw Armnio-nio1>ibd.ate, of AninwnM. 

Mix the acid solution, which must be free from jthosphoric ‘lat ^ 

acids, with an exce.ss of solution of molybdate of ammonia. 1'*^ 

* If it is dried in a wiiter-bath, tho drying rnuHt he exlromely 
wUe more than 1 a(j. will he left. After brief drying in tho wator-batli t « 
ContaiuB between 1 and 15 eq. water. 



AllSENIOUS AND ARSENIC ACIDS. 


253 


§ 127.] 

i.t ot ammonia solution should liavo beou previously mixed with 
^'itrie 'leid in excess, iind the whole ])rocess is conducted exactly as in the 
case of phosiihoric acid — see § I3t, /i, fi. Treat tlio arseniate of nla^•ne,sia 
^nd 'inimonia thrown down Irom the amnioniacal solution of the ar.senlo- 

1 r'bclatc of ammonia with a mixture of sulphate of magnesia and chloride 
onminioiiimn, as in a. Results satisl‘act«jry. 

3 J<'sfiin(itMn U.9 Ari^p.niate nf Srstjn/o.ridc of Iron. 

(BiaDiiiEii and v. Ivohf.ll’s method). 

a The Sohifion cnntoinfi no other fu'rd Bases heside.^f Alkalies. 

Add to the solution a mcasunMl (piantity of soluti<m of scscpiioxiile oi 
iron of known strength, and jiretdpitate with ammonia, (ddie precipitate 
iiiiisi 1)C reddish brown ; if not of that color, it is a sign that a sullicient 
quantity of the solution of sesipiioxide of iron has not been added.) Allow 
0 stand some time at a gentle heat; lilter, wash, and dry the jireeijiitate ; 
then cxpo.se lirst to a very gentle heat, to insure tlie expulsion ol’ the 
[immonia at a temjierature at which it cannot <‘X(‘rcise a reducing action 
upon the arsenic acid ; after a time, increase the heat gradually, at last 
RiihioctinL!; the residue to inten.se ignition, till the weight remains constant, 
Tlu; residue is basic arscniat<' of .scsrpiioxide of iron + sesipiioxide of iron, 
or in other words, ses(puoxid(‘ of iron + arsiauc acid. Deduct from the 
ivuiLdit of the residue the weight of the se.sipiioxide of iron added : the 
(lifhmnico exjiresses the (piantity of ar.s(mic acid contaiiH'd in the analy.sed 
solution. A solution of s(*s<juioxido of iron of known strength for the 
aliovo purpose is best prepared l>v dissolving line iron wire in nitric acid by 
the aid of heat, diluting suitably, and (h'torniiniiig the sesipiioxide of iron 
ill 10 c. c. hy ])recipit.ation with ammonia (.see § 1 13, 1, a). The presiuice 
ofa small amount of silicic acid in the solution of sesquioxide of iron is then 
without injurious intluimce, since the same is weighi^d with the iron both 
in the (hgermi nation of the strength of the solution and in the ainsenic- 
estiination. 


h. The SoJ)ifio)i contains other Ji.red Bases besides 

The preceding method of Ui:HTinr.R is modified lyv v. Kohell as fdhnvs, 
provided the bases ]>resent in the solution are not juamipitated by car- 
hmiate of baryta in the cold. ddic .solution is mixed with .solution of 
f!t‘S(]uioxide of iron of known strength, as in a, but instead of ammoni.a, 
carbonate of baryta is added in excess (.should the jluid contain a largit 
excess of free acid, it is advisaltle to nearly neutralize this previously with 
enrhonate of .soda; the fluid must, however, still nmiain clear), ddie 
inixturo is then allowed to stand several hours in the cold, and the pro- 
cipihite, which contains the wliole of the so.squioxide of iron, the whole of 
die arsenic aciij, and the excess of carbonate of liaryta, is washed with 
^'['Id Water, first lay decantation, then iqaon the filDw, dried, gently ignited 
hi some tnne^und weighed. The residue is dis.solved in hydrochloric .acid, 
•'enount of baryta contained in it di?termined by means of .sulphuric acid, 

^ '^1 sulphate of baryta obt.ained calculated to carlionate, and the calculati'd 
together with the known weight of the se.squioxidc of iron, sub- 
tnu'tcd from the weight of the original residue : the diflerence cxpia's.ses 
^ T^antity of arsenic acid cont^iined in the analysed solution. This 
^'^hod p)rcsupposes the .absemee of sulphuric acid. In cases, therefore, 
that acid is present, it must be removed before the carbonate of 
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baryte can be added; which is effected by prccipiteting with dilurideo, 
barium, and filtering off the precipitate. 

4. Detennination an Ternulphalc of Avsemr. 
a. In Solutions of A men ions Acid or Arsen ites, free from Arsenic Adj, 
Precipitete with sulphuretted hy.lrogtai, and cx})el the excess ol tlu: juf.. 
cipitant Ijy ciirbonic acid, cv>uductiiig the ])r()cess in the same way as witli 
antimony — sec § 125, 1. Wash the precijnteted tersiili)hi(Ie of aiscuir, 
dry at 10(P, and weigh, ]^‘lrticlc3 of the preci))itate adliei ing so lirmlyto 
the glass tube that mechanical means liiil to remove them are dissolvol ii 
amnionia, and then reprecipiUited l.y hydrochloric acid, lor the pnj. 
pertics of the precipitate, see § i)2. The results arc accurate. 

If the solution contains a substance which decomj)Oses sulphiiniied 
hydrogen, such as ses((uio.\i<le ol iron, cliromic acid, i\i:c., the Iree siiljiliiir 
which precii)itates witli the tersulphide of ar.senit*, destroys the accuracy 
of the results. In such cases the ]»reci[)it'ite is dissolved in solution cf 
potas.si., and chlorine transmitted through the sidutioii (§ IbS, ll,2, /')■ 
In the solution |)ro<luced, which contains the sulphur as sulpliuric, add, 
the arsenic as arsenic acid, tin; latter is determined as in 2, u; or the sul- 
phuric acid is estimated, the (piantity found calculaU.'d to sul])hur, ami tlic 
calculated weight of the latter subtracted Irom that ol the mixed pneij)!- 
tate of ter.sulpliide of arsenic ami sulphur. No lo.ss of arsenic by vtdatili/a- 
tion of the chloride takes place in this nu'thod of oxidizing the siilidiidc ol 
arsenic, since the .solution remains alkaline. The object may also be coii- 
veiiientlv attained by the use of nitric acid. A very strong limiiiip^ add, 
of iSlf^ boiling point, is employed; an acid of P12 sj». gr. which boils at :i 
higher temperature does not answer tin; purpo.se, as tlu? separated siilplnir 
would fuse, and Its o.xidation would be much retarded, ddic wcll-diied 
precijiitite is .shaken into a small porcelain dish, tiaaited with a loha'ahlv 
large excess of the fuming nitric; acid, the dish imimsliately covered ^vilh 
a clock-glass, and as .soon as the turbulence of the first action has soim- 
what abated, heated on a water-b.ath, till all the sulphur has disap|ic:uc( , 
and the nitric acid has (evaporated to a small volume. Tlu; filter to ' 
the unremovable traces of sulphide of arsenic' adlu.Te is treated sejiaratc) 
in the saim; manner, the comjdetc d(;struction of the organic iiiaUer being 
finally eirect(;d by (fentlji warming the somewhat dilute solution "'ti 
chlorate of poUis.sa (BiiNStXN*), Or the filter may instead be exti.uto^ 
Avith ammonia, the solution evaporated in a separate dish, and the rc.M< na 
t(;rsulphide treated as above. In tlu; mix(;d solution the arsenic :un is 
finally precipiUited as arseniate of magnesia and ammonia (§ 127, 2). 
ment of the impure jirecipitate with ammonia, whereby the sulphite •’ 
di.s.soIv('d, and the Hulj»hur is sup>pos(‘d to remain behind, only r*'*; 
approximate results, as the ammoniacal .solution of tersul])hide ol 
t-'ikfxs up a little sulphur. Small (piantities of admix(‘d free 
be also removed without difficulty by bisulphide of carbon; hut 1 
reemmmend this metluxl where large (piantities of sulphur arc to ^ ^ 

tracted. If the prccipiitete is moist, before using this solvent, tlu 
should bo got rid of by twice treating with ab.soluto alcohol. 

b. In Solutions (f Arsenic Acid or Ai'scniates^ or of a mixture of the 
Oxi ties of A rsenic. , 

Heat the solution in a flask (preferably on an iron plate) ]^]g 

and conduct sulphuretted liydrogen at the H<'ime time into the fhiu ^ 

* Annal. d. Chem. u. I’harm. 100, 10. 
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§ nt] 

as precipitiitlon takes place. The precipitate formed is always a mixture 
of sulplnir and torsulphide of arsenic, since the arsenic acid is lirst reduced 
to arsenious acid with separation of sulphur, and then the former is 
decon)j)oscd (H. Kosk ). 

Only in tlic case when a sulphosidt containing pcntasiilphide of arsenic 
is (]econij)osed with an acid, is tlie })recipitite actually pentisiilphidc, 
and not merely a mixture of sulpliur with tersulphidc (A. Fuensj), 
Wliiclicver may be tlie constitution of the precipitate, either the arsenic 
or the sid|)liur in it must be determined, after drying and wcigViing, 
Ly one of tlie methods given in 4, a. 

5. VoJuiiK’tiic Mithods. 

([. Methods nddeh prestippuse the presence of Arsenioiis Acid. 

]. Fr. Mohr’s method, j This metliod is based upon tlie same prineijde 
as the one given for teroxide ot“ antimony, in § 1*2.'), ij, u, i.e. convcrsi(jn 
of arseiiious acid in alkaliiui solution into arsenic acid hy solution of iodine 
(As (\ + 2 Na 0 + 21 - As + 2 Na 1). 

If, tliercfore, you liave arseuious aeid or an alkaline arsciiite in arpieous 
soliitlnn, mix a widglied or mcasuriM cpiautity of the iluid, containing 
ahentO-l grm. As with 20 c. c. of a saturated .solution of l)icarl)onato 
nf .soda (})urilied by washing witli water); add some starcli-pastc, tlieii 
standard solution of iodine (§ 14(»), until the iodide of starch reaction just 
makes its appearaiun' ; reckon for every 2 eij. iodide u.sed 1 oq, arseuious 
aeid. if the solution of arstmious acid is aci<l, you must tir.st neutralize it 
with pure carbonate of soda, if alkaline, with j»ure hydrochloric acid, I >c fore 
prcKHHidiiig to add the bicarbonate of .soda. Of course, the solution must 
eniitain no substances which act uj»ou .solution ol’ iodine (S O^, S„ 0„). 
'liie result.s are a(‘i:urate. ('oiu)). Fxpt. No. <s8, from which it will 
1)0 seen that the carbonate of .so<la may he used instead ol’ the bicarbonate, 
llie reason why the exci'ss of tlu* sidt is, under the.se circumstances, less 
uiilavorablc to tlu; accuracy of the results, than when iodine is made to 
iiot upon a pure tupieous .solution of it, as in Fxpt. No SO, is attributable 
■^‘>*iply to the faet that it is the neutral comjHnuid alone which ads U}>ou 
iodine; but not a compound containing nu>re carbonic acid than llu^ 
jioutral s.'ilt. Now, in my expiadmcnts, the sidt was converted into the 
biter stat(‘, heeanse, in the first place, the solution of the arseuious acid 
slightly acid, and, in the second place, upon the eoiiversion of the 
aiM'iuou.s into arsenic acid, inori' .soda is iixed, and carbonic acid accord- 
ingly lilieral.cd. However, the use of the bicarbonate is still to be ]U’C- 
kired us tlic .safer way. 

f h ^ method. II This method is based nj>on the following 

f (- It bichromate of potas.sa is boiled with eonceiitrated hydroehloric. 
■“’S -I 0 (j. chlorine are disengagi'd to every 2 e<p chromic acid (2 Cr f 
O). 

but it arseuious acid is j)ri*seut (not in excess) there is not the 
Tiaiitity o| ehloriiie disengaged eorres[)ondiMg to the chromic aeid, but so 
*'^^1 less ol tliat element iw is required to convert the arseiiious into 

Aimal. 107, 180. f Zeitschrift f. nnul. Chem. 1, ISD. 

X Lehrbiich der TitrirniotlxMle, p. 205. 

11 Aniial. d. Cheiu. u. rhanu. 80, 290. 
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! 

arsenic acid (As + 2 Cl + 2 TI O As -h 2 IT Cl). Conso(|iioiitly^ 
every 2 eq. chlorine wanting i.s to be reckoned 1 e(j. arseiiions acid. 

cc. The (piantity of chlorine is c.stiinated by determining the (juaiitity 
of iodine liberated by it IVom iodide of potassium. 

Tlicse are the principles of liuNSKN’s method. For the manner of (xe. 
cation, I refer to § IdO, I. (f, ft. 

3. Kf.ssi.er’s method.* The sjime solutions are cnqdoyed lien; j,, 
the similar method I'or estim.ating antimony, p. 21.), r, and tlie [irocosi; 
conducted in the same way. 

If it is necessary to precipitate with sulphurett('d hydrogen. f iiislejid ot 
proceeding jis directed for sn!i)hide of antimony, alb r tlu‘ precipitate La; 
been washed and transfern'd with the filter to the flask, treat it with 
nearly saturated solution of chloride of menmry in hydrochloric acid of 
1T2 sp. gr., digest on a water-bath till the ])recij»itate is whit(', and dilute 
with a definite; proportion of water. Then pi-occa^d as directed. 

b. Mefliotl, irbk'h the presence of Arne nit' Arid. 

Tills method dejMcnds on the* precipitation of the arsenic acid hy uranium 
solution and the recognition of the end of the r<;action by means offerm- 
cyanide of potassium. It is thend'ore the same as was suggested for phos- 
phoric acid by liKcoMTK, aiul brought into use by iS'j;riiAn;i:, j ;ind alki- 
wards l >y lb set's. || 

BdiiKKi:)!,^ who first einployc'd the )>ro('oss for arsenic acid, n'coiiiiiioiids 
the employment of a .solution of nitrate of .s(‘s(piif)\id(! of ni’anliiin, as this 
is more permanent th.an the hitherto us(;d a<’etate, whi<di is gradually 
decomposed by the action of light. 

The ur.anium solution has the correct degiatc of dilution, if it contains 
about 2(1 grm. sesquioxide of uranium in 1 litn*. It should coiit.aiii :is lilili; 
fr(;e acid as possible. The determination of its v.alui' may l)c (dheud 
with the aid of pure arseniate of soda or by means of arseiiious .aciil, -the 
latb'r is cauiverted into arsenic :icid by boiling with fuming nitric acid. 
The solution is remlenMl strongly .alkaline with ammoni.a, ami tlu-ii di^' 
tinctly acid with ,ac(!tic acid, ‘’fhe uranium .solution is now run in tn’in 
the burette slowly, the liqui<l b(!ing well .stirrccl all the while, till adreput 
the mixture spread out on a porc(*lain platA, giviis with a drop ol It no- 
cyanidi! of jiotassium placed in its centre, a distinct reddi.di hrow ii lii^ti 
wliere the two fluids meet. The hedght of tin; fluid in the hurdle is iiow 
read off, the level of the mixture in tin; beaker is m.'irked with a diap nt 
gummed jaapcir, and the be.aker is empti<‘d ami w.ashed, lillctl with wntnr 
with addition of about as much ammonia and acet ic acid as was hcini<‘ 
employed, and the uranium .srdut.ion is cautiously drojijicd in from nic 
burette, till a drop bik<‘n out of the b(‘aker ;uid tested as above, gives an 
equally distinct border-line, b’he (piantity of uranium .solution nsvn m 
this last experiment is the exoe.ss, whi<’h must In; added to make the cn< 
reaction plain for the dilution adojjted. This amount is subtracted hnni 
that used in the first ex])erimetit, and we then know the exat^t value of 
uranium solution with reference to arsenic acid. 

In an actual analysi.s, tlio arsenic is first brought into the form of aisc^^'^ 

* Fogg. Annal. 118, 17 ; Zeitachrift f. anal. (them. 2, 883. ^ 
t In the presenoe of arsenic acid, reineinf)er to heat the fluid fo lO . 

t Archiv, fllr wisBenHcliaftliche Heilkunde, B<1. iv. S. 228. ^ 

11 Joum. f. prakt. Chein. 78, 104. H Annal. d, Chem. u. Pharin. HVi * 
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c-iJ a clear solution is obtained containing acetate of amnionin and some 
free acetic acid,* and the process is condiu-ted exactly as in delennining 
the value of the standard solution. The oxp(‘rinient to as(‘ertaiii the cor- 
rection must not be omitted here, otljerwise errors arc sure to arise, from 
the dilfcrcut degrees of dilution of tlu; arsenic acid solutions used in the 
(letcrniination of the value of tin; stindard solution and in the actual 
aivilyses. The results of two d('t.*rininati()ns of arsenic given by IjoDkkku 
ue saiisfactory. To execute the method well rcfiuires practice. 

o, K^thnufion of A rsvnioun Ac 'kI h>i IntJirn t (i/ ftriinrtric AiioJ/fsis. 

a. Ivose’s metliod. Add to the liydroeldoric acid solution, in the ]>rc- 
panilioii of which care must be taken to exclude oxidizing substances, a 
gdlutioii of sodio- or ammonio- tercbloride ol'gohl in excess, and digest tbe 
inixUire for several days, in tbe cold, or, in vhe case of dilute solutions, at 
a ircntle warmth; then w(‘igh the se|)arated gold as direct(Ml in § 125 . 
iKcrptlic filtrate to make (piit(‘ snr(‘ that no more gold Avill sej>arat(?. 2 (cp 
iTold c()rr('S])ond to 5 e([. arsenions acid. 

1). Vom/sf method. ]\lix the solution under examination with a 
tveiffhed (jiiantity of bichrontatc of ]>otassii, and iree sulphuric acid ; esti- 
iiialc tli(i chroiiiu; acid still pn'seut hy the method given in § lot), c, and 
(lodiicc from the (piantity of that aeid eonsumed ii\ the ]»rocess, or., reduced 
liv the iii’soiiious acid, the (juantity of the latter, atler the formula o .\s ( 
^4Cr(.),-:d As 0^ + 2 hr, (),. 


Snpji/t nient to the P'i.rfl/ (tnoijf. 

§ 12S. 

8. IVroLviuuc Acid. 

Molybdic acid is converted, for the jnirpose of its (estimation, eitluT into 
i'iiioxide of molylxh'num, or into molybdate of hxid, or into bisul}>hide ol 
iiKilybdciiuin. 

"■ Pure ino]yl)dic acid (.Mo O.^), and also molvbdato of ammonia, may 
rcduc(;(l to hinoxicht by beating in a current ot‘ hydrogen gas. I'his 
be done eitlier in a porcelain boat, placed in a wide glass lube, or 
''t jdatiiium or porcelain crueibh; witli perl<>rated (xn'er (§ 1''8, lief, t'l 
:m.l (;2). The Operation is continued till the weight remains constant, 
hie tein])eratun3 must not exceed a gentle rediu'ss, otherwise the hiiioxide 
ik'll might lose oxygen .and become partially convi'rted into metal. In 
he case ot molybdate ol’ ammonia tlu' lieat must be very low at tir^t on 
‘leiouiit ol the Irotbing. 

The following is tin* be.st melliod of pnx'ipitating molvhdic acid from 
•tlkalhie solution. Dilute.' tin* solution, il' uecessiiry, lU'Utralize tlu' tree' 
^ ' ^vitli nitrie acid, and allow tlu' carboui(* acid, whii h may b^' lilx - 

u/* pi’Dcess, to escape, tlu'u .'uld solution of ncutr.al nitrate m 

1)1 luercury. ddie yellow pn'cipitale formed app('ars at Inst 

I Py, hut ah,cr's(weral hours’ standing it .shrinks; it is insohihh' in the 
tlio' * contains an exc('ss of nitrate of .suboxide ot mercury. ( olU * i 

on a filter, and wash with a dilute solution of nitrate of snl.- 

' " ^ or mercury, as it is sllglitly .soluble in juire water. Dry, rcmovi' 

bid earths and oxide of zinc may ho present, but not such metai- as 

precipitates with ferrocyanide of potsissiuni, as, for instance, copper, 
t Annal. d. Chom. u. rimnu. 94, 219. 
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tlio dry precqdtate as com])lotoly as practicable from the filter, and dctrr- 
mine the molybdeimm in it as directed in a (11. Kosi-:) ; or mix the pTi, 
cipitato, together with the filter-ash, with a weighed quantity of ifruit,.; 
oxide of lead, and ignite until all the mercury is expelled; then add .som, 
nitrate of ammonia, ignite again and weigh. The exca^ss obtained, nvir 
and above the wcdght ot the oxide of lead used, is molybdic .leid (^iSKlig- 

SOllN*). • 1 • 

The precipitation of molybdenum as sulphide is always a 'dilfini't 
operation. If the acid solution is supersaturated Avith sulpliunttel 
liydrogen, wanned, and filtered, tlie filtrati; and washings are gdiiorallv 
still colored. Thi'y must, accordingly, be warmed, and sulpIninUtil 
hydrogen again added, and tlui operation must altin-wards, if necc'ssaivjHi 
repeated until tin; washings ajipear almost colorless, 'iflie ])reci}iitalioii 
succeeds better Avhen tin; sulphide of molybdenum is dissolved in a ivlii- 
tiv(dy lar'^o excess of sulphide of ammonium, and, after the fluid Ins 
acipiired a rofldish-yellow tint, j>recipitat(‘d with hydrochloric acnd. /i nki i!]’ 
advises then to boil, until the sulphuretted hydrogen is expelled, and to 
wash with hot water, at first slightly acidili(;d. 'Du; Itrowii sulphide of 
molybdenum is collected on a weighed filter, and the inolyhdeiiiiiii deter- 
mined in an aliquot part of it, by gentle ignition in a, curivnt of liydiTg.ii 
gas, as in u. Tin; brown sulphide of molybdenum changes in this pro- 
cess to the gray bisulphide (II. Uosi:). 

ir, j)p:tkrminatton of acids in compounds contaixin*; 

ONLY ONF ACID, FilEF OK COMBINED ; --AND SEPAKATIOX 01 

ACIDS FKOM BASES. 


FinST (UtOlT. 

Dirision. 

Aiisfnious Acid — Ausknic Acid — Ciiuomic Acid — (Seleiiious Aoiu. 
Suljdiurous and Ilyposulphurous Acids, Iodic Acid, Nitrous Acid). 

§ 129. 

1. Arsenioits and Arsenic Acids. 

Those have been alr(*ady treated of among tin; bas(‘S (§ 127) cn iK’ioii!i| 
of their behavior with sulphunittisl hydrogen ; tin*)' an; merely 
lu^re to indicate tlie place to which they ])ro[)erly Ixdong. The met lO'* 
of separating them from the bases will be found in Section V. 


§ 1-^0. 

2. Chromic Acid. 

I. Determination. 

Chromie acid is determined either in the form of .<?csv/?/?e.rc/^ ^ from 
vioirn^ or iii that of chrowatr, of Inid. But it may be estimated a , ^ 
the quantity of carbonic acid di.s(;rigaged by its action iqion oxalie . 
exe(;ss, and also liy volmnctric analysis. In c;mjdoying tin; Ic’sf 
it must be borne in mind that 1 e(p sesipiioxidc ol chroniUHU 
Hponds to 2 eq. eliromic acid. 


* Joum. f. praUt. Chem. C7, 472. 


f Ibid. 58, ‘259. 
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a. J)dcrminafwri rf.s’ Scsqvioxide of Chromium. 

Tlie chromic acid is reduced to tlic sUate of .softquioxido, and the 
no'untofthe latter determiiiod (§ 100). The reduction is ciUcted either 
' heatin'^ the solution witli hydrochloric acid and alcohol; or by mixing 
\lroclil()ric acid with the solution, and conducting sulphuretted liydrogf'n 
Jto the mixture; or by adding a strong solution of sulphurous acid, and 
ii)lvin<T a gentle heat. With concentrated solutions the first method is 
l iicraHy resorted to, with dilute solutions one of tlie two latter. Willi 
(spoct to the first nu'thod, 1 have to remark that the alcohol must be 
xpellcd before the sesquioxide of chromium can be ])reci[)itated with 
nunoiiia' and with respect to the second, that the solution sujiersaturated 
nth sulphuretted hydrogen must l)C allowed to staml in a moderately 
vann ])lace, until the separated sul])hur has completely subsided. Tlie 
■osiilts are accurate. 

jl The neutral or slightly aci<l (nitric acid) solution is pn'cipitated 
^ith nitrate of suboxide of mercury, the re<l precipitabi of chromate of 
iiihoxido of menuiry liltered off, washed with a dilute solution of nitrate 
)!' suhoxidc of mercury, dried, ignited, and the residuary sc.sipiioxidc of 
weighed (11 . Kosk). 

Ij. .l)(:te}'miu(itiou us (Itromote of Tj'od. 

Tlio solution is mix(.'d with acetate of soda in excess, and acetic acid 
nhk'il until the reaction is strongly acid ; the .solution is then ])recij)itated 
with neutral a('<>tatc of lead. Tdie washed pirecipitate is eilluw collei'ted 
311 ii weighed liltc'r, (lri(“d in the water-bath, and weighed; or it is gently 
igiitcd as directed § 51.1, and then widghcd. For the jiropierties of tlie 
[recipitate, see § 913, 2. The re.stdts arc accurate. 

c. Dcteruiinotion hit mraus of O.ni/ir Arid (after Voiii.), 

When chromic acid and oxalic acid are brought together, the former 
VK'lfb oxygen to the latbw : s(*S(juioxide of chromium is t’ormed, and car- 
Ix^uic acid escapes (2 i'r O3 -f d ( ).^ + 0 C ( ),,). Thn'C eq. 

Kirbonic acid (()()) correspond accordingly to one eip chromic acid (n(b21). 
T'he modus opemndi is the same as in the analysis of mangam'si' ores 
(I -dO). 1 pjii-t; of chromic acid requires 2^ parts of oxalate of soda. If 

IS intended to determine in the residue the alkali which was combined 
"idi the chromic acid, oxalate of ammonia is used. 

d- Determinotion hif Volumetric Auali/sis. 
hciiwAuz’s ini'thod, 

Ibe principle of this very accurate method is identical with that ujxm 
" uch pKNxy’g method of (h'tcrmining iron is based (§ 112, 2, h). The 
^'■ociition is simple : acidify the not too dilute solution of the chromate 
I snlphuric acid, add in excess a nioasured quantity of sidution ot prot- 
c ot iron, the strength of which you have jinudously ascertained, 
'•'‘■nrding to the directions of § 1 12, 2, u, or //, or the solution of a weiglied 
fbiititj, of sulphate of jirotoxiilc of iron and ammonia, fri'O tiom st'sipii 
Jl' b uiid then determine in the manner directed § 112, 2, u, or h, tlu' 

^ pUitity of jirotoxide ot iron remaining. The ditl’crence shows the ammuit 
'ixi(b ' been converted liy the chromic acid from the state of]u ol- 

j to that of sesipiioxide. 1 grm. of iron corresponds to 0-59S1 of 
To determine the chromic acid in chromate of lead, the 
1 Htter addition of the sulphate of iwotoxide of iron and ammonia, 

s 2 
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most tlioroTiglily triturated "with liydroeliloric add, "water added, aiul tl, 
analysis tlieii proceeded with. 
fy. Bunsen's method.* 

It' a (diromato is boiled with ;m excess of fuming livdroeld(»ri(> aid 
th(n-c are disengaged tor every 2 eq. chromic acid d ('q. clilnriiie; t,, 
instance, K (), 2 Cr + 7 H I'l Iv Cl 4- Cr, ('!,, + 7 II < ) + d Cl. If ,1, 
escaiiiiig gas is comlncted into solution of iodide ol ])()tassnim m exn., 
tile d eq.'c'hloriiie set free d eq. iodine. By di'terinining the (juaiititv i; 
th(i latter element in tlie manner described in § 110, we lind the <|iiaiititj 
of the chromic acid; d.Sl of iodine corresiumding to lOO-hS of (■lirnniir 

d'lie analytical process is (‘ondiicted as hdlows - Pnt the 
sample of the chromate (say -d to -1 grni.) into the little flask d fig 
(l)lown before the lamp, and holding only from dfi to lo c. c.), till th 

flask to two-thirds witli piirt' 
finning hydrochinric aciil 
(free from Cl and S (),') and 
connect the bnlhed evoliitinii 
tube (I with tile iirck (if tlio 
flask by means ef a stout 
tight -closing vulcaiii/oil in- 
dia-rnbbt'r tube c. Assliown 
in th(! engra\ iiig, a is u luiit 
])i])etti;, drawn out, at llic 
lowiT end, into an ii|itiinitd 
])oint. A loss of' (.'libriiie 
iK'cd not be aiprcliciKlol fii 
adding tin* liydrocldoric acid, as tlie disengagement of that gas Ixgiic aiil} 
upon the. ajtplication of heat. Insert tin; evolution tube into the iicciv "I 
the retort, which is one-third fdh'd with solution of iodide of iinta^^'iniii.l 
d'his retort liolds about HlO (*, c., ^Fho ne(d\ ]ir(*sents two small t'XjMU 
sions, blown before tlie lam]>, and inteinh'd, the lower one, to lu'ceiu' nc 
liipiid whicli is forced iq) during the; operation, the upper one. to 
an additional guard against spirting. A])ply lieat now, cautiously, t<> > 
little tlask. Afu*r two or tlins! minutes’ elmllltion, the 
chlorine has passisl over, and liberated its equivalent (juantity of 
the iodide of potassium solution. AVhen tin* (dmilition is at an eii< . ‘ ^ 
liold of the caoutcliouc tulx; c with the left hand, and, whilst st(.i( 
Indding the lamp under the flask with the right, lift a so tar out ot " 
retort that the curved point is in the bulb /y. Now remove first tlu* '^‘b 
then the flask, dip the retort in cold watt'r, to cool it, and shala* lb 
in it about to efilM't tlie (•onqiletc sobilion of the sejiaratcd iodiia* m 
excess of iodide of ]>otassium solution. When the fluid is qaitr 
transfer it to a beaker, rin.sing the ri'tort into the beaker, and jiioro 
directed § Mb. The method gives very .satisfactory results. Ib 
ratus hen; r(;coimnended differs slightly from that used l)y 
retort of the latter having only one liulbous exjiansion in tin; 
the evolution tube no Imlb, being clo.sed in.stead, at the lower 
glass or caoutchouc valve, which ])ennits the exit of' the gas from 

• Annal. d. (them. u. Pharm. 8(5, 279 . . parts'^ 

t 1 part of pure iodide of poisiHHiuni, free from iodic acid, dissolved in 
water. The fluid must Hhow no brown tint immediately after addition o v 
acid. 
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)ut Opposes the entrance of the fluid into it. I think the inodificaiions 
(vliicli 1 have made in Bunskn’s apparatus are calculated to liieilitalo the 
juccess of the operation. 

IL Sei’aration of Chromic Acid from the Base.s. 
a. Of the First Croui*. 

ft. Reduce the chromic acid as directed in T., and separate the scsipii- 
oxide of cliromium from tlio alkalies as directed in § loo. 

; p. Mi.'i the chromate of })Otass;i or soda with about 2 jiarts of dry ])iil- 
Vialzed chloride of ammonium, and heat the mixture cautiously, 'idii 
iresldiie contains the cldoridcs of the alkali metals and se-sipiioxide nf 
cliromium, wliicli may be so[)arated l>y means ol’ water. 

y. Chromate of ammonia is reduced to sesipiioxide of chromium hv 
cimtioiis ignition. The ammonia is estimated in a separate iiortioii 
arroi’diiig to § IR), 3. 

h. Of the Second Oimur. 

((. Fuse tlie compound under examination with 4 jiarts of carhonate of 
sudii and ])otassa, and treat the fused mass with hot water, wldch dis.silve.'- 
the fliromic acid in tlui form of an alkaline cliromatc. The residue coii- 
tidiis the alkaHno earths in the form of carhonaU's ; hut as they contain 
riilludi, tliey cannot h(' weighed directly. The cliroinic acid in the sidutioii 
is detenu ill c(l as in I. Chromate of liarvta (and doubtless also the 
cliroiiiatos of strontia and lime) may, as shown by II. Ih.).'si:,* be readily 
ami (•oiiiplctcly dcconi prised by simple boiling with an excess of solution 
ol eiirlionate of jiot.a.ssa or soda. 

jl Dissolve in hydrocliloric acid, reduce the chromic acid according to 
the directions of I, u, and separate the sescpiioxide ol’ cliromium I’rom the 
alkaline earth according to ^ l.dt). 

y. Cliromatc ol’ magnesia as widl as oilier chromates of llie alkaline 
cntlis solid de in water may he easily dmaunposed also, by determining the 
direiiiie acid according to I., u, />, or 1., A, and separating the magnesia, v'v c., 
n^tlie lillratc Irom the excess of the salt of mercury or lead as directed 

o bliromates of baryta, stroiitia, and lime may also bo decomposed l»y 
be iiiethod described II., u, /k Compare Bauk, analysis of bichromate of 
lime, 

r. Ok the Third Group. 

«• f/rt/ji AZ/n/i/'/uf, 

meipitatc the alumina liy ammonia or carhonate of ammonia (§ Kh'O’ 

‘ eterniiiie the chromic acid in the fdtrato according to the directions 
ill I. (compare also § 157). 

/I. hvm S(’s(jtiw.ri(lc of Chromium. 

betcriniiiG in one jiortioii the quantity of the chromic acid according 
clii’f ' ^ another portion tlie total amount ol the. 

'uiiuiuj^ Py converting it all into cither sosquioxidc or chromic acid, 
till conversion of the substance into sesipiioxide may be elfccted 

I ^ '7 cautious igiiitioii with chloride t>f ammonium, or according to 

’ “)'~-iiito chromic acid ai-cording to § lOG, 2. 

* Journ. f. prakt. Chow. 66, 1G6. 


t Ibid. 60, 60. 
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hJ). Tn many cases tlic clironiic acid may he ])reclj)it;itc(1 according t 
I., < 1 , /3, or T., h. The sescjuioxide ot* chromium and suhoxith', of 
or oxide of lead, in the liltrate, are separatod as din'cnul § Ki'i. 

Tdie hydrated conijKmiids of sesejuioxide of cliromiimi with clirnni, 
acid, snch as are olRained hy precipitating^ a solution of Ros(pii(,xi,|,. ,, 
chromium Avitli a solution i>f chromate of potassa, i.*ec., may also Ix' an;,, 
lysed by ignition in a stream of dry air, tlui api>aratus, fig. Id, [, j;; 
Vicing einploy(id. The loss of weight ol‘ the bulli-tube r(‘])rcs(‘iLts tlio joii.t 
amount of oxygen and water that have escaped. If the incnaiioiit of tin 
Ca ( '1 tube is deducted, we shall have the oxygiai. Now every 11 eq. oxygn 
correspond to 2 ecj. of chromic acid. Tlu* amount of tlu; latter In in- ! 
thus calculated, we have only to subtract its erpiivalent (piantity of S( S(|ui- 
oxidc trom the weight of residue alter the ignition, and the reinaiiulcr i« 
the quantity of sesiiuioxide originally present. \\>tii;L* and also Stuhe!; 
and Vh.Lioi'i have employed this imtthod. 

(I. Oi' THE Kouuth (litorr. 

a. Proceed as directed in /», «. Upon treating tlu' fused mass with hot 
wat' r, the meUds are left as oxich^s. In the; case of manganese the fusifm 
must be ed'ected in an atmosphere of carbonic acid gas. Apparatus, lig 
ti2 in § 108. 

jh K‘eduee tlu* chromic acid as directe<l in I., and .separatr* the sesqiii- 
o.xidc of chromium from tlic metals in question, as directed in § If". 

e. Ok Till- Fiith .\ni) Sixth (Iuouks. 

((. Acidity the .solution, and preci[»iUite, either at onee or after provioid 
reduetion of the ehromic acid by sulphurous acid, with sulphiinticl 
li} (lr()geu. ddie metals of llie liftli ami sixth groups precipitate in coii- 
junctiun with free sulphur (§§ llh to 127), tlie ehromic acid is nMliimi. 
Ihltcr and determine the ses<piioxide of chromium in the Hltralc, ii!= 
directed in I., u. 

/•]. ('hroinate of lea<l may Ixi eoiiveniently deeonqiosed hy lieatiiig ^viih 
liydrocldoric acid and some alcohol ; the idihiride td' lead iind sestjuiihlorid' 
<il eliromium formed are suhsetpiently sejiaralcd liy means ol ale'hd 
(compare § 102). The aleolmli(^ solution ought always to be test'd 
wiili suljdiurie acid; sliould a j»reeij)itato of sulphate of lead lorni, tlh 
must 1)0 filtered off, weighed, and taken into account (coiii[)ai'c ds) 
§ i;jo, L, cl). 

Siippfcinrut to the First Dirisioii. 

§ i:u. 

1. Sklkkious Acid. 

Prom acpieons or liydrochlori<; acid solutions of sclcnious ac id, the scle^ 
Ilium is precipitated hy sulphurous acid gas or, in presence of an cxee.''i' '' 
a< id, hy sulphite of soda, or sulphite ofaininonia. If the solution eoiitan'^ 
nitric acid, this mu.st he removed first Viy evaporation with hydroeh 
aeid. Tlie precipitated liipiid is heated to boiling lor ] hour, J' 
i liangcs the i)reeipitjito from its original red color to hhudy and ^ 
<lens{3 and heavy. The liquid is tested by a fnrthm* addition ot 
agent to see whether any more Heleiiium will separate ; tlic procipiV^^^ 

* Journ. f. prakt. Chom. 77, 484. 
t Procoedinga of the American Academy, vol. v. p. 1118. 
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finally collected on a weiglicd filter, dried at a temperature soTne^vllat 
Ih'Iow 100°, and weighed. Since 11. ItO.si:* lia.s shown that the ]»rcs(mce 
o! liydrochloric acid is an essential condition to the complete ri'diu tion of 
: the scloiiions acid, the former acid mu.st be added, if not already jnesenl. 
iToinnke quite sure tliat all the selenium has been removed, the lillrate is 
' tna})()ratcd to a small volume, boiled with strong hydrochloric acid, so 
a.s to reduce any selcnic acid to selenious acid, and tested once more witli 
i^ulpluiroiis acid. 

As ns'-ards the separation f>f selenious acid from the bases, tlie followiiiL'; 
luirf directions will siifhce 

a. If the bases are not lialde to be altered l>y the action of sul]»bur<)iis 
arid and hydrocbloric aclil, tlio seloninm may be at once precipitated in 
the way just given; the filtrate, Avhen eva[)orated with sulphuric acid, 
yields tlie base as siilpliate. 

h. from bases which are not thrown down from acid solution by 
hvdrosulphuric acid, the selenious acid may lie separatoil by sulpliurettetl 
hydrogen. Tlie precij)itate is, act'ording to II. RosK, a mi.xture of 1 er]. 
sohiniuni with 2 e([. sulphur. 1(‘ it is ilried at or a little below l<MiA the 
weight of the selenium mav be accurately ascertaiiUMl. Should, bowever, 
e.stra sul[)hur be mi.xed with the ]>reci]>itat.c, the latter is oxidized while 
still moist with hydrochloric acid and chlorate of ]>ot:issa, or by treatment 
with potass;! solution witli simultaneous heating and transmission of cldoriiie. 
It is necessary here to oxidize the sulplmr comjdetcly, as it nniy inclose; 
seleniuiii. The solution now eontiiining stdenic acid is he;itc<l till it snudls 
no longer of chlorine, hydrochloric acid is added, and the mixture is 
rodiiiated. ^fhe stdenic aeid is hereby reduced to schmions ;icid, and when 
the solution has again cea.sed to smell of chlorine, the seleiimin is pr(*ei])i- 
UUed with sulphurous acid. 

f. In many selcnites or sclenates the sehmium may also be determined, 
hy converting first into selenoeyanide of potas.sium. and ]>rocipitating the 
!i(liieons solution of the latter with hy<lroehloric aeid (( )n'i;NnKi.Mt). d'o 
diis Olid the sulistanec is mixed with 7 or <S times its tpiantily of ordiimry 
cyanide ol potassium (containing eyiuiie acid), the mixture is put into a 
long-nccked flask, or a ]H)reelain erucible, covered with a layer ot eyanide 
cl potassium, and fused in a stream of hydrogen, 'fhe lemperature is 
l^cpt so low tlnit the glass or poreelain is not atUieked, and while eooling 
care must bo taken to exclude atmosplieric air. When cold, the brown 
niasH is treated Avitli water, and the colorless solution lilttwed. if nect'ssary. 
Ihe liquid should be somewhat but not immoderately diluted. Now boil 
‘‘'Cme time (in order to convert the small (piantity of .selenide of ])otassiuni 
^ liit may be present into selenoeyanide of pota.ssium by' the excess of cyanide 
^ Potassium), allow to cool, supersaturate with hydrocliloric aciil, and 
H'at again for some time. At the end of 12 or 21 hours all selenium will 
separated, filter, dry at 100°, ami Avcigh. The results obtained by 
process are accurate (11. KoseJ). 

i the selenium agglomerates together on heating, it may inclose s;iUs, 
** 1*11011 cases, by way of control, it sliould he redi.ssolvetl in nitric aeid, 
filter addition of hydrochloric acid, ])rcci|)itatcd with sulphurous acid. 
Ihtid filtered off from the selenium jiroeiiiiOite is, as a rule, free trom 

Zeitsclirift f. analyt. Chem. 1, 73. t Journ. f. prakt. Chem. 71, -SO. 

J Zeitschrift f. analyt. Chem. 1, 73. 
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si'leiiiuni ; it ia, liowever, always well to sjvtisfy one’s self on tliis poim p. 
the addition of sn]]>hnrons acid. 

(L From many bases the schaiious acid (and also the selenie acid) 
be separated ])y fusing tlie coinpoimd Avith 2 parts of carl )onaU' of smlli 
and 1 jjart of nitrate of potassa, extracting the fiisc'd mass thoroiiolily i,v 
boiling Avith Avater, saturating tlic filtrate, if necessary, Avitli carlionj, 'iKiii 
to free it from lead Avhi(di it might contain, then l)oiIing down Avilli ludr,. 
cldoric acid in excess (to rcdma; the schmic acid and drive off tlu; niip,. 
acid), and precijntating linally Avith snlphnrons acid. 

Selenium, if pure, must volatilize Avithont residue Avlieii lioatwl in a 
tube. 

2. Suepiii:Koi'.s Ann. 

To estimate fne sulphurous acid in a fluid Avliich jnay contain abi 
oth(!r acids (sul])huric acid, hydrochloric acid, acetic acid), a wcinliwl 
(piantlty ut‘ the Iluid is diluted Avith Avater, ab.solntely Iree I’roin air,^ until 
the diluted liquid contains m.t more than O tto per cent, by Avciglit uf 
sulphurous acid ; some slarch-]>ast(i is now addcal, and then staiidani solu- 
tion of iodide, until the iodide of starch reaction inak('s its appoaianei.. 
Tlie r<;action Avliich, undt.-r these circum.stances, takes place is represented 
l>y tlie C(iuation 

I f II () + S ( )„ = H I -f S ().| (Ifr'NSEN). 

1 (‘(piivalent of iodine a<lded corresponds accordingly to 1 eipiivaloiit ol 
sulphurous acid. For tin; details of the process 1 reler to § MO. lii tlie 
ca.st; of sidphites soluble in water (jr acids, wati-r perfectly I'ne I’roni air i; 
poui'ed ova;r the substance under examination, in suflicient (piaiility K' 
att.'uii tlie degre(i <.)f dilntiun stated above, sidjdnirie or hydrochloric add 
added in excess, and then starch -j»aste and solution of ioiliiic as abeve. 
The greatest care must be tak<m in this metlajd, to use, for the purpose ul 
dilution, Avat(‘r absolutely fre<‘ I'rom air. 

Sulphurous a(*id may also be determiiu'd in the graviiiiclric Avay, I'J 
conversion into sul[)hurie acid, and [nandpitatiou of tln^ latter wilb barvta, 
according to the directions of § b‘12. This method is especially a|ipli‘'abl(' 
in the case of' sidjdiiu-s <[uite free from snlphnrie acid, d'lui coiivcision cl 
the snl[)hurous into sulphiirie acid is effeeU'd in the Avet Avay, host by ^alti- 
rating the fluid Avith chlorine, and warming; in the dry way, liy bcatni- 
the salt, in a jjlatiniim erueible, Avith 1 parts of a mixture of ctpuil pari- 
carbonate of soda and nitrate of potassii. 

d. llYro.suM’iiuimus Acid. 

Ilyposuliiliuroiis acid, in form of soluble liyiiosulphitcs, may 
mined by means of iodine, in a similar Avay to sidphurous acid. 
reaction is represented by the e<iUutiou 


2 (Na 0,S^ OJ + 1 - NaO, + Na I. 

The sidt under examination is dissolve<l in a large amount of 
stareli-paste added, ami then solution of iodine until the blue color 
its appearance. That tliis method can give correct results ^*'^1 1 ,, 


Avhere no other Hub.stances acting u])on iodine are jireseiit, need IianU) 

Tt A I f 1 /A 1 1 T., aI... 4* il.-! I 1 1i \ . ...vf 


Jnentione<l, In the ease of dilute fluids the results do not 

fluid is acidified before adding the solution of iodine, and the opci‘* ^ 

Prepared by long-contiiiucd boiliug and aubaoquent cooling with exclusion of 
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proceeded with so quickly that no time is loft for the free hyposul})hur()US 
acid to decompose into sulphur and sul]»hurous aoid(FR. IMoiur'). llyiK)- 
suJplnirous may be converted into sul])huric acid and then determined : 
the process is tlie same as lor sulphurous acid. 

4. Iodic Acid. 

Iodic acid may be determined by the followinj^ easy method : — distil 
the acid, in the Jfee state or in combination with a base, with an excess ol‘ 
pure liiining hydrochloric acid, in th(i apjeiratus described in § loO, d, p 
(chromic acid), receive the disengaged chlorine in solution of iodide lof 
potassium, and detcirniine the sejoaraUMl iodine as directtsl in § IdO, /7, /k 
As 1 eq. iodic acid sets I’n'c; 1 cmj. chlorine, and consequently 4 erp iodine, 
you have to re(‘kon 1(17 of iodic acid for 50,S of iodine. The deconqio- 
sitioii of iodic acid by liydrochloric acid is represented by the equation 
1 Oj + 5 H ('1 ^ ICl + 511 O + 4 Cl (lIUNsi:xf). 

5. Nitiious Acid. 

Nitrons acid may be determined very satislactorily Avith a solution of 
; pure ])erin;mgaiiate of potassa, ]>rovided the Iluid be sulHciently diluted to 
prevent the nitrous acid, wliieh is lil)erated by the addition of a stronger 
acid, being dec()m])osod l»y water witli I'ormation of nitrie acid and nitric 
oxide. For 1 part of anhydrous nitrous acid, at least oOOt) parts of water 
should he present. The decomposition is re]»resented by the li)llowiiig 
CMpiation : — 5 + 2 Ain,, ( -- 5 N ()^ + I Mn ( ). ll* the p)ermangaimto 

he sUindardizotl with iron dissohn.'d to protoxide, t ecp iron eorres])oiid to 
1 eq. NO^, siiuu! both of these require 2 e(p o.xygem Nitrites are dis- 
solved ill jYvo/ sfiff/it/i/ acidulate<l water, the ])ermanganate is added till the 
oxidation of the nitrous acid is nearly couq)lotod, the solution is tluni made 
strongly acid, and liiially ])ermangauatc is added to light-red coloration. 

To (h'termine liyponitric acid in red fuming nitric acid, t.ransler a low c. c. 
h) about aOO c. c. cold pure distilled water with stirring, and determine 
he nitrons acid produced. 1 eq. nitrous acid found eorrespuiids to 2 etp 
^Vponitric acid, for tlie latter — when mixi'd with such a large cquautity of 
unitor as is indicated above — is decomj)os(Hl in aeeordauce with the 

^'"^•‘^"'ing equjitioii :-~2 N f) + 2 II O lUhNA) + IL (),N(), (Sin. Fki.d- 
11.VUS+). ' * > 3 X 

regards the estimatioii of nitrous acid with binoxide of lead, comp). 

(7f. j). Igp • jiiyy L.vnu’s observations, p. 484. 


Second Dirusion of the First Group of the Acids. 
SuLriinnc Acid; (llydrofluosilicic Acid). 

§ K12. 


SuLriiuHic Acid. 

I. Determ iN.vr ION. 

Sulphuric acid is usually determined in the gravimetric way as snfJtotc 
o ^cnjtd. The acid may, liowcver, be e.stimalod also by certain volu- 
nietliods, based up)oii the insolubility of this sidt (and the sulphalo 


* Lehrbuch der Titrirmethmle. Nachtriige, S. 3 Si. 
t Annal. d. Cheni. u. riiarni. 8(5, *285. 

4 Zcilschrift f. aualyt. Choiu. 1, 426. 
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1. Graviinctric Method. 

Add to the siilhciently dilute solution, il necessary, some hydroclilori,; 
acid to acid reaction, heat to near ebullition, add chloride el barium in 
slight excess, and proceed as directed § 101, 1, n. The wjisliing is always 
best ellected by decantation first. Should the analy.--ed solution Lontain 
nitric acid, some nitrate ot baryta is likely to precipitate in conj unction 
Avith the sulphate; the removal of this admixtun; ol nitrate of liaryui 
from the precipitate rc(piires ])rotracted washing with hot water. It ^ 
under all circumstances, neces.sary to continue tlu; washing ol the jirc. 
ci])itatc until the last washings remain perlectly clear upon testing wiili 
sul])huric acid. In cases wluire perfect accura(*y is desirabh^ I would I'c- 
commend the following [)roceeding. After igniting the preci])itale according 
to the directions of § bd, and weighing, moi.sten it with a few drojis ul 
hvdrochloric acid, add hot water, stir with a very thin glass rod or with a 
jdatinum wire, rinse the rod or wire?, ami warm gently tor sonic tiiiu;. 
Pour the almost clear Iluid on to a small lilter, and lest the liltiate with 
sulphuric acid. Tf this produci's turbidity or a pn;ci))itat(>, which is a 
sign that the suljihate contains an ailmixture of another baryta salt, wadi 
the residue again with hot watiw, until the washings are no longer ren- 
dered turbid by sul]>huric aci<l. Dry now the jirecipitali! in the crucihle, 
together with the small lilter, burn the latter on the lid, heat, to rcdiios 
and weigh. If the sid})huric aeid has been preci))itate<l Irom a sehitioii 
containing much nitric aci<l or much alkaline salt, the testing ol tlni 
ignited ])recipitate is not nn.-rely to lie recommended, but it is absolutely 
necessiiry, since in smdi case it is by no means unlikely that the .suliihiili' 
of baryta will contain 1 ])er cent, or more ol nitrate ol baryta or alkalinr 
salt. The results are not always .so exact as used to be bclievcil. h 
jrrecipitated in very acid .solutiems a little of the sulphate ol baryta i'(‘U):iin> 
diss<jlved. If ])recipitat.ed in very saline .solutions, on the other hand, llw 
results are g(,*nerally too high, since it is dillicult in this ca.se to obtain a 
pure preci[»ilate. 

The sulphaUi of haryUi has a gtauit timdcncy to carry salts (cspecia } 
nitrates and chlorides) down with it, which cannot he removi-d at all 'y 
wjushing, jiiid are nniioved but imperfectly olleu when the ignited t)rc('i[ii 
tate is treated with hydrochloric acid and water.* Pi:. Sroi-HAj rcccia^ 
mends treatment with a solution of acebate of coj)pi.*rfor the pnrilicalicn a 
impure suljdiate of baryta, and demon.strates the accuracy ol his pico.s 
by numerous analyses, which were j)erformed purj>osely under disadvan 
bigcous circum.st;inces, e.c., in the ])resence of much alkali- and 
silt. The solution of acebitc of copj)i;r is jirepared from the crysta 
.salt of the shops; if it contains no sulphuric acid, add 2 drojis cM 
dilute acid. I)i.s.solvc it with addition of a little acetic acid in lu't v'‘>|^b 
add a few <lropa of solution of chloride of barium, enough to give a s 
harybi reaction, boil a short time and filtiT. The solution on 
yjosits crystals; the supernatant cold saturated solution is omjdoycd. 


small addition of chloride of barium to the solution of co])i)cr 
a little sulphuric acid, is for the purpose of iuca[)acitatiiig tbe 
taking up any sulydiatc of baryta, by saturating it, so to speak, wi ‘ 
substance. , . 

After the jirecipitation of the Bulphuric acid has been cffcctcc m 

• Comp. ZeitBchrift f. analyt. Cliem. 1, 80. 
t Ding, polyt. Journ. 108, 40; Zoitacurift f. analyt. Chem. 
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usual Tuanner in tlie fluid nfudilied with liydrocliloric acid and the ))recij)i- 
tate hccn washed )»y decantation condiined with filtrution, till the 
filtrate ceases to give a reaction for baryta and chlorine (at least for baryta), 
treat the precipitate still in the ljeak(?r with lO or hO c. c. of tlic copper 
solution, add some water and acetic acid, and digest at a temperature near 
the l)oiling point for 10 or la minutes, with constant agitation. The 
aeetic acid added should be suflicient to prevent the pr(;cipitation of l)asic 
siilt (luring this oj^eration. If, notwithstanding the precaution taken, basic 
salt is ])r(Hdpitated, it must be redissolved by addition of acetic acid (not 
liydrocliloric acid). Alter the jireeipitatc has been filtered off and waslied 
u’iili hot Avaler, drop a few drops of hydrochloric acid on it, eoiitinuc 
^vasllilig, lastly dry, ignite and weigh. 

2. Volitnidrk M(‘tho(h. 

(I. Adcr (Iaul IMoiiii.* Afake a standard solution by dissolving 1 e(p 
(/.e, bibOf) grin.) pure erystallizi'd eliloride of barium (lhiCl -f-"2 a.p), 
to 1 litre. Add to the fluid to be e.xamined lor suipburic acid — wliicb, 
sliould it contain much Iri'c acid, is jireviously to be nearly ncutrali/.ed 
Avith pure carbonatn of soda — a measured (piantity of this solution, best 
a roiiiKl number oi cubic centimetres, in more than snllieieiit ])ro])ortion 
to precipitate the snlplinrie acid, but not in too great exc’cs.s. DiLuast the 
Jiii.xUire for some time in a warm place, tluui preei})itat(*, without previous 
filtration, the exc'.ess of chloride of barium with carbonate of aimuouia 
iuid ii little caustic ammonia, filter off tin* ]>recipitate consisting of 
Milpliate and carbonate' ol baryta, wasli until the wati'r running (Mf acts 
no longer njion sensitive red litmus papi'r, and tlieii determine tlio carbo- 
nate ot baryta in the ju'eeipitate l»y the alkalimetric method given in 
§ AkJ. iiy dedueting the (piantity of harvta f)und in the state of carbo- 
nate from that eorn'sponding to the (‘hloride of barium added, you find 
t le aiiiouut of baryta eipiivalent to tin; suipburic .acid jire.seiit. lSup]>ose 
you have added to tlu' fluid under e.xami nation — 

10 e. c. of eliloride of barium .siflulion = 0'7Gr) Ba 0, 
found, at the end of tlie i ii'oeess 

O-oOO of carhoiiate of baryta 0-233 ,, 


tlie remainder, 0-532 Ba O, 

poltif*'^ (piantity of the sulplmric acid by means of the ]u-o- 


7(;-r) : 10 :: 0-532 : .r; .x- 0-273 (SOJ. 

considerably simplified, by estimating the ear- 
nit r'h^ saluted in § 223, by means of a normal solution ol 

dil!v- •’ it eonse(pu>ntly takes a volume equal to that of the 

G*'U-ium solution to neutralize the carbonate of baryta preeipi- 
tlit ^‘^^t(jr, if no sulphuric acid is present; if, ou the other hand, 

(■xi) less of the nitric acid solution is recpiired, the difl'erenci^ 

(piantity of sulphuric acid. In the aliove exanqile i 
tWnn *1 the carbonate of baryta formed; dedueting 

'^^^*^^l^‘^10c.c.uso(l, wehaveIeffG-OGc.c: 

1000 : G OG : : 40 : a- ; a 0 278 (S OJ. 


it took 
ibesi^ 


Annal. d. Cheui. u. Plmrm. 90, 105. 
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The results of this method are quite s;itisfactory, if tlie solution do., 
not eoiitaiu too much IVce acid; but in presence ot a lar;r,' excess o(' 
free acid, the action of the siilt of ammonia will retain carl)uii:ito o[ 
baryta in solution, which, of course, will make the amount ol sulplim-j^. 
acid appear higher than is 7'eally the case. That this method is alto- 
g;ether imqqdicable in presence ot ])]iosp]ioric acid, e)\alic acid, or any 
other acid preci[)itating baryUi salt Ifoin neutral solutions, need lianlly h 
mentioned. 

h. After K. Wildenstein (first ])roccs.s*). The principle ol tlu! mctlKHl 
consists in precipitating the sulphuric acid with chloride ol hariuni, and 
estimating the excess of the lat ter by means of neutral chromate ofpotassa; 
the chromate being adiled diri^ctly it tlu? solution is neutral ; it, on die 
contrary, it is acid, after a<ldition of ammonia free from carbonic acid in 


slight cxc(‘ss. 

Two solutions mv eniploye<l — 

1. A solution of chloride of liarium, 1 c. c. of which corresj)()nds to '02 
sulphuric acid. Prepared by dis.solving 61 grin, ot the pure crystal I i/ol 
S!ilt (BaCl + 2 aip) to 1 litre. 

2. A solution of ])ure lumtral cliromatc? of ]>otassa, 2 c. c. ol wliicli 
preci])ibite 1 c. c. ol* the chloride ot barium .solution. Pi’ejtai’cd by (To- 
solving iMAo grin, of Ihcbromate of ]»otassa, adding aininoiiia till tin? 
reddish yellow color has turnecl to pale yellow, and diluting to 1 litre. 

Tlu? lirst thing’ is to test whether the two solutions stand in the |)ro|K‘i' 
relation to one another. To this end take !<> c. c. ol the chloride cl 
liarium .solution, diluti* with about e. c. water, heat to boiling, and add 
2l)‘d c. c. of the chromate of pota.s.sa solution, d'he ])recipitatt' .soon hcttli 
and the supernatant fluid must be yellowish. Add now chloride ol baiiiun 
drop bv drop from the burette — *2 c. c. should be reipdred. 

For the actual analysis, di.s.solve the sul)stanc(* in about .>6 c. c. vaiii 
in a llask of, .say 2tMt c. c., lieat to l)oiling, and run in chhiidde ol bariiiiu, 
till tlie whole of the sulplmric acid is «-ertainly preeijdtated, luit aM.ddiii,^ 
a large exc«’.s,s ol’ the precipitant. Boil now for liall to one luinutc, .na i 
acid, neutralize with ammonia I’ree from (‘arbtuiic acid, and add, no iirdiii 
whether the lliiid is turbid or not, chromate oi' pota.s.sa in <iuaulitiey o 
•f) e. c. at a tinu;. The tliiid now ra[»idly beconu.xs clear on gentle 
tion, S(J tliat one can easily recognise, by the first ap])earauce ol the yc 
coloration, wlien the cliromic acid ceases to In? prin-ipitated. As 
this jioint is reacluid, add chloride ol’ barium shjwly, drop by droj), ti t 
fluid is again completely decolorized ; for this purjiose geiu'rally nn ) • 
few drops, at the most only *4 c. c., ar<? required. Finally divide 
of chromate used l^y 2, deduct them from the whole of the chloH' 
barium used, and reckon the sulphuric acid from the remaindt'i. 
author has communicated several te.st-analyses, the results ol which aic, 
technical purposes, sjitisfactory. 

c. After K. Wili)EN.stein (second processf). Of all the 
volumetric estimati<m of sulphuric acid, the sinq)h‘st and that 
(capable of the mo.st gifueral application, is to dro[) into tin? !i''*''^*** 
taining excess of hyilroeldoric acid, standard chloride of bariuni s" 
till the exact point is readied w he, n no more preeipitation hues 
This point is dilfieult to hit, and hence the metluxl has oidy l'»in< 
liniitefl use. _ , jt 

WiLDENHTKiN lias given tliis method .a practical form, which iciw ' 

* Zoitschrift f. analyt. Chem. 1, 323. t Ihd. 1, 4112. 
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■ ible to complete an analysis in about lialfan liour, and at the same time 
to obtain siitisfactory results, lie employs the api»aratus, tig. 08. A is a 
bottle of white glass, whos(j bottom has b(‘en removed, 
itcontains 900—050 c. c. B is a strong liinnel-tubc, 
with bell-shaped funnel, and bent as shown, provided ^ 

bdow with a piece of india-rul)ber tube, a screw com- |! '’"''AjrpjB 
])]ession-cock, and a small piece of tubing not drawn | ^ 

nut. The length from c to // is about 7^-8, from d to c I ^ 

<ibont 12 cm. The opening of tlie funnel-tube /’ which i: yib 
may Avith jidvantage.have a diameter ol‘ 2-5 to 6 cm., is 
covered as follows : — Take a ])iece of fine new woolhm ^ 

stnlf or muslin, free from sulphuric acid, and about ▼ -- 

(! cm. square, lay on it two j)ie(X‘S of Swedish jiaper of I 

the same si/e, and then another j)i(‘ce of stulf like the . 

first, now bind tluise altogether over the opeming /', care- 
fullv and without injuring tin* ]>aper, by means of a 
strong linen thread wliicli has been drawn a few times Fig. 68. 
over wax, and cut it off (u-eu all round. We have now 
as!iiall svyhon-tiltcr, wliich en:d)le.s us to filter otf a portion of tluid con- 
tainod iu ^1, and turbid from sulphate of baryta, clear and witli com}>arative 
ra])i(lity. 

On gradually adding ebloride of barium to the dilute acid solution of a 
snlpliate a point occurs wliicli may In; com])ared to the neutral ])oint in 
precipitating silver with chloride ol’ sodium (.see p. 207); 7c., them; is a 
corUiin moment, wheji a portion filU'red otf will give a turl)iditv botli with 
sulphuric aihl and chloride of barium after tin; laj)si‘ of a lew minutes. 
On this account we mu.st either proceed on the ]u*inci]>Ie recommended for 
tlu; estimation ol' silver, 7c., <li.sn‘garding the quantity of chloride ol’ barium 
in the solution, to sLuidardi/e it by adding it to a known amount ol a sul- 
pliate, till a ])r('ei])it:iti‘ e('a.ses to be formed ; or ehsc we must — and Wii.UKK- 
STiax recommends this latter conr.se — eonsider as the end-point of the 
Uiiclion the point at which chloritlc of barium ceases to produce a dis- 
biietly visible precipitation iu the clear filtrate tiller ;i laytse of two 
inlniitcs. 

The ebloride of biirium solution is prcptiredas iu so that 1 e. c. oorre- 
qHmds to •02 suljhuric tieiib d'be |)rocess is tis follows;— 
h irst y)r(;]iare the solution of the sul[)bate to be analysed (using about 
•) or 4 grin.), then fill A with wtirm wtUer, opmi th(3 eock with tlie screw 
l>y tlu* aid of a glass rod, and wtiit till the svplion I> is quite full of 
'Aiiicr. 11 tlie Avater runs down the tube c c williout lilling it entirely, 
close, iinq oyieii the cock a few times, and this iuconveuieuee will l)e removed, 
(h is not .allowable to suck at c, or to fill the syjduni with the wasb-lnottle 
c, as either proceeding would iueviUibly lead to injuring the liber.) Now 
'l'»se the cock and pour out the warm water, rcjdtico it by 400 e. e. ol boiling 
suiter, add the reJidy-ju’eyiared solution of the sulyiliate, and a suitabh* 
ci'ointity ol bydroeliloric acid, if noee.ss;iry, and run in the chloride ot 
*'0ium solution, at first in ratlier large portions, at last iu ! e. e. Ihdore 
cych fresh addition of ebloride of liariiim o|>eii the cock and allow rather more 
[jTnd to How into a bc.akcr than corrcsjH)nds to the contents of the .syphon, 
quantity sliould be jircviously ascerlnlnod, and a mark indicating it 
on the beaker. Now clo.se the cock and yiour tlu; filtrate wiibout 
buck Int() /(. (A.s the beaker is used over and over auain lor the same 
P'lrposo it need not bo rinsed out.) Now run ,soiiio of the Iluid into a 
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test tube, so as to oiie-tliird fill it, add to tlio clear fluid 2 dro])s of chloii,], 
of barium from the burette and shake. If a precipitate or turbidity is j,,-,,. 
(bleed return the pcjrtion to the main (piantity. The exjierinu'ut is finislidi 
when the last portion tested shows after tlie lapse of exactl)' two iiiiimtis 
no distinctly visible turbidity. The dro])s of chloride of barium usoil tn,. 
the last testing are of course not reckoned. Tin* slight error involved tidm 
the fact that the small (juantity of fluid in the syphon is finally unaeicd oj,^ 
is too small to be notii-ed. During the extieriment the filUn- niusi, not Im 
injured by the stirring. In case the |)oint has lieen overstcpjxMl, n,!,] 
1 c. c. of dilute sulphuric acid ((Mpiivalent to tlu; cliloride ol‘ barimiijii, 
yl, and (mdeavor to hit the end-])oint again. Here 1 c. c. will have to he 
subtracted Irom the e. c. of chloride of barium used. 

The results obtained by Wii.DKNSTiax are of sullieient aeeiinicv for 
technical })urpost*s. Some cx})eriments made in my own labouitory wrn; 
also (piite satisfiictory. 

(1. There is a method bascnl on the same principle as the nu'thod on ]i. 2711 
for determining ]»hosphori<“ acid. This ])rocess is rather oi' limited ;i[)jili- 
cation, as it is rendered vmy troublesome by the presimce of chlorides, iiml 
is completely useless in the pn'sence of all those salts, such as nitrate and 
acctat(! of ammonia, c'i.c., which increase the .solubility of siiljdiatt' of lead. 
In (i.stinuiting the sulphuric acid in pure sulphates, SenwAt:/. obtained satis- 
factory results. Each c. c. of the j'y, normal solution of nitratf' ol’ had 
corres})Onds to OOO.S grm. sulphui ic acid. 


ir. Si;i-AIIAT10N OK SltLIMlUItlC Acil) FHOM THK IkvSKS. 


( 1 . Ek.o.m tho.se lU.SKS WITH WHICH THE Acid koi:ms (.’oMi-orNDS sou nti: 
IN Wateii ok in IIyduochlokic Acid. 

Precipitate the snl])huric acid as in I, The filtrate whi(di cotitaiii^ 
])Gsides the basiis originally <.‘ombine(l with the sulphuric, acid, also tin.' 
exce.ss of the chloride of barium used, is treated by the metlioils glvvii in 
Secti(.>n V. to ellect the sO[>aration of the bases in (pie.stion Irom baryta. 


h. Fkom those Bases wuth which the Acid kokms (’omi’oi'M'S 

INSOUJKLE on DIKFICL’ETEY .SOLUIlEi; IN WaTKU OU IN 1 1 VDIUClH-'iItU: 

Acid. 


a. From Jhrnjtn^ Stro/itio^ and Llmr. 

Fuse th(? finely pulveri/ud compound under examination, in a. platinnni 
crucible, with u j)arts of mixeal carbon.ates of soda and potassa. I’"' 
criudble, wdth its contents, into a beaker, or into a platinum or porci liii'^ 
dish, pour water over it, and a])ply heat until the alkaline sulpliatcs and 
carbonates are completely dissolved; filter the hot solution from the 
residuary carbonates of tlie (*arths, wasli the latter th(jroughly with watvi- 
to which a little ammonia and carbonati! of ammonia has been added, :iii< 
determim* according to §§ 101 to lOfl. If the ]»r(‘ci[)itates have been 'U' 
washed, it is perfectly admissible to ignite and weigh at once. Preci|)ilaU 
the suljdiuric acid from the liltrate, as in I. Finely pulverized sulphate <» 
linu! and suljdiate of strontia may lx; completely decomposed also by boiling 
with a solution of carbonate of ])otas.sa ;* the same procii.ss will ans\" ^ 
also for sulphate of baryta ; but the op(-rati(jn is I’ar more difli‘‘ultt 
cimiplete decompositi(m is eflected only by boiling the prcei[)itatc, a < 


Curbonato of soda docs not amswer at) well. 
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(Iminting the fluid repeatedly witli an excess of solution of carbonated 
llkali (H. Rose*). 

1^, Fi'orn Oxide of Jjcad. 

The simplest way of cflecting the decomposition of sulphate of lead con- 
si.sts in digesting it, at the common temperature, with a solution of bicar- 
bonate of soda or ])OtaHsa, filtering, Avashing the precipitate, determining 
tlio snlphnrii; acid in the filtrate, as in L, dissolving the precijiitatc*, which 
contains alkali, in nitric, acid or acetic aidd, and determining the lead in 
the solution, by one of the methods given in § 1G2. 

Presence of strontia and lime necessitates no alteration in this method ; 
l,ut if baryta also is pntsent, and it is accordingly necessary to ignite j the 
iiii.xliire with carbonated alkalies, (or to boil repeatedly wdth fresh jiortions 
of solution of the same,) a small portion of lead always remains in solution 
in the alkaline fluid ; this must be precipitated by passing carbonic acid, 
before filtering. 


Supplement to the. Second IJii'ision. 

§ I. 

H V D uoF L u o.s I n 1 c I c Acid. 

If YOU have hydrofluosilicie acid in solution, add solution of cliloride of 
potassium, or chloride oi‘ sodium, then a volume of strong alcohol e(pial to 
tlieliuid present, collect the precijutated silicoiluoride of jmtjissiuiii or .sodium 
on a weighed filter, and wash with a mixture of e(jual volumes of spirit of 
wine and water. Dry tlie wmshed precipitate at 100^, and weigh. l\Iix 
the alcoholic filtrate with hydrocliloric aci<l, evaporate to dryness, and treat 
tlic residue with hydrochloric acid and water. If this hnivcs nii undissolved 
residue of silicic acid, this is a sign that the examined acid contained an 
excess of silicic acid ; tlie wciglit ol' the residue shows the amount of tlu^ 

C.XC(!.SS. 

Silicoihiorido of potassium has the formula K FI, Si Fl^, silicotluoridc of 
sodium, Na FI, Si Fl^. Botli compounds are anliydrous at 100°. Tliey 
dissolve with dilliculty in xvater, and arc insoluble in dilute spirit of wine. 
J-’he analysis of silieofliiorides of metals is best effected by beating in pla- 
tnium vessc'ls, with concentrated sulphuric acid; fluoride of silicon and 
hydrofluoric acid volatilize, the bases are left behind in the form of sulphates, 
‘tiid may, in many cases, atlcr volatilization of the excess of siil]>huric acid, 
ho Weighed as such. If the metallic silieofliiorides to he analyzed contain 
filter, mix them most intim.utely with f> j)arts of recently ignited oxide of 
lead (II. Kosk), cover the mixture, in a small retort, with a layer of jmre 
jxide of load, weigh the retort, heat cautiously until the contents bi'gin to 
•Use together, remove the aipieous vapior still remaining in the vessel by 
‘'’Uction, and weigh the retort again xvhen cold. The diminntiou of weight 
yotvs the quantity of water ex])('lled. Do not neglect te.sting the drops ol 
Jhe escaping water with litmus paper ; the result is accurate only if they 
uive no acid reaction ; conqiare § do, jd. 

.Tourn. f. prakt. Chein. 61, 38‘2, aiul 6a, 316. 

+ This ignition is most safely elfootcd in a porcelain crucible. 
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[§m, 


Third Division of the First Group of the Acids. 


Piiosnioiuc Acid — Boiiacic Acid — Oxaiac Acid — II vDKoiLuoinc 
Acid. 


§ 134. 

1. PiiosiMiouic Acid. 

L Dktkumination. 

Tribnsic phos])lioric arid may bo (letormincd in a j^roat variety of Avavs, 
Tlie forms in which this dotormination may iio offcctc'd have Ih'cii 
already in § 93, 4. The most appropriate i’orms for tlie purpose, luMycvcr, 
are jofrophosphate of mfnjnrsio and phnsphofe of sesipiioA'idt’ of iinuiiiiin, 
because they are in tluanselves \vi*ll worlliy of r(‘conimon(latio?i and can lie 
em])loyed in almost all cases. The determination as pvropliosjdiatc nf 
magnesia is fre<piently pr(M’ede<l by preci])itation in another way. e.sjiecialiv 
a.s ])hospho-molyl)date of ammonia, occasionally ns ]»hos])hate of lin- 
oxi(le of tin or of suboxide of mercury. 4’he otlier forms in wliicli jilio 
])horic acid may be determim'd give rdso, in part, very good results, but 
admit only of a more limited a])j)lication. 

With regard to nu'ta- ami ]>yrophosph<>ric acids, 1 havi* siinplv to 
remark here that these acids cannot be deDnanined by any of tin; iiietliods 
given below. Tlie best way to efh'ct their determination is to convert 
them into tribasict jdiosphoric acid; as follows : — 

a. In the dnj unii/. By j)rotracted fusion with from 4 to (’ parts of 
mixed carlxmatesof soda and |»ota.ssa. This method is, howevci', ajiplicabk 
only in tlu; case of rneta- and pyrophosphates of the alkalies, and ol tluse 
meta- or pyrophosjdiates of imlallic oxiih's which are completely d(?ci)in- 
])osed by fusion with alkaline carbonates ; it fails, aci'ordingly, for iiistaiK’c. 
with the salts of alkalim^ earths, magnesia excejited. 

ft. In the iret mtf/. The salt is heaU'd i<)r some time with a stron;! acid 
liest with concentrated sulphuric acid (Wkiifk*). ddiis method lends only 
to the attainment of ap)proximate ri'sults, in the e;iseofall salts whose ha.s'S 
form soluble compounds with tlm aci<l ad<le‘d, since in these casi's tin* nicta- 
or jiyrophosphorie acid is never completely liberated; but the desired 
rr’sult may bo fully ntt.aimsl l»y the use of any acid wdiich forms iiisolnld' 
compounds wdth the bases present. Pespe<'ting the ])arti:il coiiversieii m 
tin; former case, 1 have found that it a}»j>roaches the nearer to coni|)l<'tciicss 
tlie greater the (piantity of free acid arhh'd,| and that the ebullition must 
be long continued (comp. Kxpt. No. 3(1). 

Bi’XCK s statement, I that pliosj»horl(* acid volatilizes when a jdiosjhatc u 
evaporaterl to dryness with hydnurhloric. or nitric; acid and tin' reside 
heaD.'d a little, is quite (;rroneous (com])are my paper on tlu; snhject, i'' 
“ Annal. der Chein. iind Pharm.” H(i, 210). Jbit, on the other Imn' < 
it iFiust be borne in mind that tribasic' [diosphoric jicid undca* these mt 
ciimstances changes, not indeed at lOtP, but at ii tcnupcTature still h e'V 
loO'’, to j)yrophosphoric acid ; thus, for instance, upon evaporating m’limiuu 


+ There are, however, 
rcKpect. 


•* Pogg. Annal. 73, 137. Pii< 

other conHiderationH wliicli forhid going too far m 

Sillim. Journ. May, 1851, p. 405. 
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1 tP of soda with hydrochloric acid in excess, and drying the residue 
flS we obtain Na Cl + Na O, 11 O, P O,. 


IMermirmtion as Phosphate of Lead. 

Proceed as with arsenic acid, § 127, 1 (/.e., evaporate with a weighed 
iniitity of oxide of lead, and ignite). This method i)reRnpi)oses tluit no 
Vier acid is present in the aqueous or nitric acid solution ; it lias this 
^ At advantage that it gives correct results, no matter whetlier the phos- 
phoric acid present is mono-, bi-, or tribasic. 

J)derndnatlon as Pyrophosphate of Magnesia, 
a. Direct determination (suit{il)le in all cases in which it is quite certain 
that the acid is present in the tribasic state, eitlier free or combined with 

ail ulkali). „ ^ ^ i i i 

i Add to the solution a clear mixture of sulphate of magnesia, chloride 

3 f;uiimoniuin, and ammonia (see § 02, 0), as long as a precii)itate continues 
to form; should the solution not yet evolve a strong ainmoniacal odor, add 
joine more ammonia; let the mixture stand 12— 21 hours, without api)lying 
heat, the glass being covered, filter, wash the crystalline precipitate witli 
a mixture of 3 i)arts of water and 1 part of solution of ammonia, until the 
wushinga, aider the adilition of nitric acid, are no longer rendered turbid 
by nitrate of silver, and proceed alfr'rwards exactly as directed in § 101, 2. 
The roaults are very accurate (Kx[)t. No. HO). Tlic loss sustained from tiie 
slight solubility of the basic phospdmte ol magnesia and ammonia is vc^y 
tritllng (Kxpt. No. 32), and may even be altogether corrected by measuring 
the liltnito and washings, and adding for every 51 c. c. O'OOl grm. l\vro- 
jiliosplmtc of magnesia. If this correction is to be applied, the wa.diing^ 
must he performed very caiitionsly and with small (paint ities at a time ol 
the ammonia- water, so that we may a.'ssuine that the latter runs throngh a 
iKiturated solution of the sidt. For the propt'rtics ot the prcci])itatc and 
j residue, see § 74. If the solution contains pyrophosplioric acid, the preci- 
pitate is flocculent, and dissolves in ammoniated water (Wkueh). 

if Indirect determination., with pwevions precipitation as pliospho- 
ii^obihdate of ammonia^ Sunnenschein*. ( Ajqdicable in all cases in which^ 
the phosphoric a<'id is present in the tribasic state, t*veii in presence ol 
iilhaliiK! earths, alumina, sesquioxide of iron, A c. Tartaric acid, lioxvevcr, 
:3iid similarly acting organic sul)stanccs must be ab.sent.) 

Ihe molybdenum solution de.seribed in the “ Qual. Anal.,’ p. u l, is 
employed as the precipitant. The fluid to be oxainined for phosphoric acid 
(should be concentrated, it may contain free hydrochloric or nitric acid, 
transfer it to a beaker and add a consid(Table quantity^ of the molyhdeiuim 
solution,— about 10 parts molybdic acid must bo added for every 1 i>art 
ph(jsj)horic acid — stir, witbont touching the sides, and keep covered 12 (U* 

hours in a warm ]jlace (not hotter than 4tF). Then remove a portion 
1^1 ihe clear supernatant Iluid with a pipette, mix it with an equal ^volume 
1^1 molybdenum solution, and allow it to stand some time at 40 . It a 
‘‘^hcr precipitation takes ])laco, return the ])ortion to the main quantity, 
i*'* more molybdenum solution, alhnv to stand again 12 to 24 bouts and 
When comjilete jtrecipitation has been effeeteil, transler the 
to a small filter, remove the rest from tlio beaker by means oC 
jP|ita(jns of the filtrate, and wash the pireeijiitate witli a mixture ol C(pial parts 
'^’i^iolybdcnum solution and water, which sliould be dropipcd on in small 


* Journ. f. prakt. Chem. 53, 343, 
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quantities. Then dissolve the precipitate in annnonia on the filter, \va4,ti 
liittin-, neutralize a portion of the annnonia in tlie filtrate with liy(ln,(.]|i,,p, 
acid (the sfdntion must of course still remain strongly annn()niaf.;i| ,, 
clear), and precipitate witli magncsia-inixtnre (compare n). Tlie result^ jf 
a(;ciirate. 

As this method requires so large a quantity of molyhdic acid, it is 
resorted to only in cases whore methods a, and c are iiiaj)])Iicalil( • 
the amount of jdiosphoric acid in tlie (piantity of substance taken to ojio:;, 
Uj'On is not allowed to exceed OT grm. Arsenic acid and siliric acir],* | 
present, must first be removed. Of all the methods ilu- delermiiiino' jil,,,. 
j>horic acid which arc adiuissihle iii the ])rcscncc of scs(|iiio\i(l(; of jii.j, 
and alumina, this is tlie best in my opinion, in tlie case of small (|uaiifitio 
of the acid with large quantities of these bases. 

y. huUirrt ddenniuotlon, with previous precijiitation as y' 

ftiihn,r(i/e of merrurtf, II. liOsi;|, (Applicalih' lor tin' se[>aratieii of jilid.. 
phoric acid from all basis, with th<‘ exception of alumina. Com]). § Ifki, () 
Dissolve the phos]»liate in neither too large nor too small a (|iiaiitilv of 
nitric acid, in a poreelaiu <lish, add to tlie solution jaire mi lallic iiicniirv 
in .sntfieient quantity to h-av(‘ a ])ortion, even tliongh only a small oiio, 
nndissolved by the free a<dd, Kvaporatc on tin; water-batli to ilniios 
II tin* warm mass still evolves an odor of nitric acid, moisten it witli 
water, and heat again on the watcr-halh, until it smells no loimcr of nitric 
;ieid. Add now hot water, jaiss tVirongh a small filter, ami wash mini tic 
wasldngs leave no longer a lixi'd residin' upon ])latiimni. Drv tlm lilr r, 
which, besides tin' ph<»sphate, contains also basic nitrate of siilroxiili o! 
mercury and free mcnairy, mix its contents, in a jdallnum crueikk, tvitli 
mixed earlxmates of soda and jiotassu in excess, roll tlie filter into tin 
shajH' of a l)all. ]>laee it in a hollow made in tin' mixture, ami cover iln 
whole witli a laver of the mixed carbonates. h]x[»os(' the ciiieilile. iiiiC'' 
a chimiiev with good draught, fiir alront half an hour to :i moilerate 
so that it <loes not get red-hot. At tliis temperatiiri', tlie nitrate of sub 
oxide ofmerciny and the metallic mercury volatilizi'. Heat now ovo' 'In 
lamp to the most intense ignition, and treat tiu' residue Nvitk l>"t 
which will dissolve.' it conipk-tely, if no sesijuioxidi' of ir"ii h^' pnseiit' 
Siipcr.satnrutc the ch'ar (if necessary, filtere<l) solution with liydmdibac 
acid, add ammonia and magnesia-mixture, and jiroeeed as in a. 

0 . fndurrt df'UumindtioH, with previous ]>ret'ipitation as f/ 

})ino.ri(h'. (f (in. 

wi. After W. liins.sm.l Dissolve the snhstanei' in wl,iclitlic]iliosiJi"n' 

• Silicic aci.l Iiuiy ako lie thrown ilown, in forin of a yellow |iruci|.itatc. hj aci>l 
of molybaato of ammonia, eHj)eoially in juvsenco of much clilori'lo of 
(W. Kno]), Chem. Centralb. IHfo, bltl). Mr. (Inmdmaim, who ri'peatol 
experimentfl in my laborab.ry, ol»taine<I the Hamo roHnlts. Tin* I'lvcij'itate 
ammonia. If tfio Holution, after addition of Home chloride of amnioiiimn, is 
stand for some time, the silicic acid separatOM, and the phosjtlioric acid '"'‘3'^ ''^ 
precij)itated from the filtrate with magnesia- mixture ; it Ih, however, alwayn '"• 
way to remove silicic acid first, 

t Dogg. Anna!. 218. riinnimn of 

t Annal. d. (-hem. u. riiarin. fi8, .’{.3h. Tlie method ih a judicious ,■ lulfl 

Ileynoso’s process (Journ, f, prakt. Chem. 54, 2()1), which latter, though b 
free from defects, yet preksentH certain practical dinicultioH, owing j the 

large jirojtortion of tinfoil required for the protesH (' iglit tiincH the qu.ui i ^ 
phosphoric acid), which ntakes the jfreaence of oven Hlight impurities in the' ho 
of considerable error. Thfso remarks of lleissig completely coincide with the i 
my own experiments. 
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acid is to estimated in concentrated nitric acid, add, at Irast, eight 
limes as much tinfoil as there is ])lios|)horic acid |)reseiU, and ^varm the 
iiiiKture for five or six hours, until the j»rccipitjite has completely sul)- 
sidccl leaving the supernatant liuid clear.* Wash hy decantation com- 
bined witli filtration, rinse the washed preeipit-itc into a ])latinum dish, 
and di'^est with a small (juantity of highly concetitrated solution of ])otassa. 
The product of this o}x:ration is a mixture ol' m(;tastannate and ])hos])ha1e 
ofpotassii, wliich, upon addition of hot water, dissolves to a clear ilnid, 
and even very readily if there has not heen too much hydrate of ])otassa 
used. Dissolve, in tlie same way, the trilling ])artieles of the preeipitate 
^vblcli inay still adhere to the hlter, add this solution to that of tlu; ])ri;ei- 
pitate, transfer the wliolo Iluid to a weiglied ilask of a litre eaytaeity, and 
dilute with water to make tlie Ilnid np to about 1)1)0 grin,; s; in irate now 
with sulplmretted liydrogim, ad<ling also some pentasulplfulc of ammonium, 
and th(!ii acetic acid, until tin; hi.sulplude of tin is ]»recipitated, and tlie 
Iluid sliijlitlif acid. Replace the Ilask now on tlie scale, add water, until 
the conionts weigh 1000 grin, (or some other round iiuinher), shake, allow 
if to stand from Tito 1(1 hours, filter the siipi-rnalaiit clear Iluid into a 
porcelain dlsli, and weigli the Ilask again, wliieli now contains ihie ri'st of 
ihotluid, togethim willi the sulphide of tin. The weight found gives, hy 
simple suhtruetion, also the ijiiantity of the liltrate in whicli tlie jdiosjdioric 
acid is to be estimated. The pro]>ortion wldeli this luairs to tlie total 
quantity of the Iluid, viz., lOon grim, minus tlu* weiglit of tlie sulpliide 
of till (wliich may he calculated witli siillicient aceuracy from the amount 
of till originally used, or may lie e.-;timated in the direct way), is easily 
found. 

Wasli the filter used in transferring the clear Ilnid from the Ilask to the 
pored, tin dish, aiul add the washings to the filtrate in tlu* laU» r ; evaporate 
theHiiid to a small hulk, and rstimati* tlu* jdiosphorie acid in this according 
to the directions of />, a. Tlie way here roeommended of eHectiiig the 
separation of tlie jdiosphoric acid Iluid from tlu* suljdiide of tin must he 
resorted to of necessity, .since in tlie lillration and washing of the sulphide, 
to nuittcr wliether witli jmre water or water containing snlpliiiretted 
livdrogon, a small (piantity of tin would ineviUihly be di.s.<olved. Results 
{t’eurate. 


l>l>. Atler (tIHAUD.'I’ In oiaher to ri'iuler tlio nu'thod de]H*nding on tlie 
tri|riiuil sejiaratioii of the {diospliorie acid as phosjdiatc of hino.xiile of tin, 
d'pli^'idde in the presence of alumina and ses<puoxido ot‘ iron, tliUAim 
pioceeds as lollows ; liaving obtained the jireeipitate as in (Uf^ consisting of 
tietastaniiic acid and pliospliate of hlnoxide of tin, together willi a little 
piospliiito ol st‘S(pii()xido of iron and of .•duniina, and having washed it 
>y decantation, then on a filter, he lieats it witli a .small (plant itv ol 
regia, and tlien adds — without troidding about a lltlK* remaining 
issolved — ammonia in e\(*ess, tlu'ii sulphide of ammonium also in 
ouxss. Tlu; whole is digested about two lumrs, and tlu'u liltered ; tlu* 
P’’^|'ipttate, consisting of sulphide of iron and hydrate of alumina, is washed 
) ^\.iier to wliieli a litth; suljdiide of ammonium has been addl'd, dissolved 
nitric acid, and the solution tlius formed mixi'd with the liltrate. fiuuii 
in Jireeipitate whicli contains the jadneijud ijuaiitity of the l)a.s( s. 
me suljdiide of ammonium liltrate, which contains bisuljdiido of tin 


lliA presence of alumina or sesnuioxido of iron portions of these bases p,vss inU> 

precipitate (Girard). 

t Conipt. rend. 61, 1G8 ; Ze'.tsvhrift f. an:d}t. Clioiu. 1, SCO. 
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and plioanhato of ammonia, tlic i.I.oapl.oric acid is at once prc,:i,,ita,„li, 
mapmesia-mixture. I may ad.l tl.at consnlors 4 to a 

sufficient for 1 part pliosphonc acid. The results alloidod hj Ins tt,;. 
«analyse 9 are unexceptionable. 

c. neteiwimition as Phosphate of Sesqvioxuh of Uraninm 
After Lecontk, A. Akkni.t, and W. KnoI'* (very suitahle m pr«™, 
of alkalies and alkaline carth.s, lint not in prcsiaico of any nnial.le 
of alumina; in presence of se-sipiioxide ol iron, the niHlio, can he a,,, .„1 
only with certain modilicatioiia, ace § Idii, tf, y). AMieic t is pass It, 
prepare an acetic acid solution of the salt. II you have a nitric or l,v,lrs. 
diloric acid solution, remove the pu'eater portion ot tl.e iree acid l,y 
ration, add aniinonia until red litmus, «iicr dipped into it urns very dis, mill; 
blue, an.l then rcdis.s.dve the i,reci|iitale formed in acet.ie aiad 1 inincriil 
acids were resent, add also some acetaU- ot ammonia. Mix he flu, iim 
with solution of acetate of sesiiiiioxide ol uranium, and heat the iiivuir. 
to boiliiis, which will cause the ,diosi,horic acid to se,.arato, ii, tout 

yellow ].hc)s|.hate()fscs(iui..xi(leofttraniuni and ammonia. 

^ AVash the precil.itate, llrst by decantation, boilmp: 11,1 each 1111c, tto I) 
nitration; the oi.eration may be materially 1'“'' , V'','. "u ™ 
(liati'lv after rirccijiitatioii, as soon as the liqiiul has coo ci . , - ^ 

dro,,s' of clibroliirm, and giving the mixture a vip-orons shake, er heilin; 
it once or twice. Dry the ,ireei,ntate. and ipni.te as^ ’'T i „ tiw 
is advisable to evaporate small (piaiitities oi nitric acu o - c 
predidtatc re,,eateJly, and to re-ignite. The residue nins 1.^ 

I, lor of the yolk of an egg. For the ,,rol« rties ol 
residue, see § ltd, 4, c. Should it be ne<.es.sary to ’ jy;;;! 

residue again, for the |ntr|.ose ol re|>reei|.ilaliiig it, t ‘ ; 

after fusing it with a large ex.'css ot imxed_ lairboiiates ol I 

and thereby converting thi’ |,yroi.hos|.honc into IiiImsk d 
Itesul's accurate; com, .arc the , .roots given by the .luthi.,. 

No. no. ! 

il. iMcnninatiov as Hask Phosphate of Sesqmoxhk of Iron. ^ 
a. Frocced exactly as in the determination ot arsenic iiei.l. n ' 
modilication of Beiitiiieii’s method (§ 127 , . 1 , h). The resii t.s 
a. Mix the acid fluid containing the ,,hoaphoric acnl witii .1 
solution of sesipiii-hloride of iron of known strength, ad.l, ^ 

sufficient alkali to neutralize the greater fiortion ol the Ir.'c .a . 
acetate of 80<la in exces-s, and boil. If the .|uantity ol s, dull. 1 
chloride of iron ad.led was sufficient, the ].reci|ntate must • 
reil. This ].recipitate consists of basic pl'wi’''«te ^ ..( 

Bosqiiioxiile of iron, and contains the ■wdi.de ol the j> i"sp " ^ miveil 

the se.s<,iiio.xide of iron. Filter off hoiling, wasli with "'b ,„,ii,iii« 
with some acetate of ammonia, dry careliilly, ‘b'"',,, i.siiim'i 

crucible with access of air (§ .hil). Moisten the rest.lne 
with strong nitric acid, evaporate this at a gemt e ita , •>' fio^vcvci’, 
Should this operation liave increased the weight, coH' 

not usnally the case, it must lie repeated, until the 'veige - 
smnt. Deduct Irorn tlie weight oi‘ tho residue that ol t - 

< ....imfic 11c ‘ 

If, 

ciirdu* 


* Leconte w«h the first to recommend llio motlind 

DID a<’etie iic\(\ aolutions by TnuriiiH of a halt of uranium (tla r< H n 


iriilieiHi tiiu jr.w. 

•etic arid Hohitions by rneaiiH of a salt of uranium (Jahresh 
fur OLI) ; A. Arendt ami W. Kuop have HuliHeiiueiitly hu- 
uml Bcaicliin;; exaniiuatlon (Cbeiii. Centialbl. IbGC, 7d'J, 8UJ , an 
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of iron contained in the solution added ; the dilTerence is the j)hos}jlioric 

modification of Schulze’s method was first recominendcxl by A. 
it has been adopted also by Way and Ogston, in their analyses 
of ashes-t Mulleu’s improvement consists in the use of a solution of 
gesqiiichloride of iron ol‘ known strength, whereby the estimation of the 
gesquioxido of iron in the residue (which would have to be effected in the 

manner described § lid, 3) is dispensed with.] 

y. (J, Wkeijem’s method, suiUible for the estimation of the jdiosjdioric 
jieid in phosphates of the alkalies and alkaline earths.|) ]\lix the nitric 
arid solution of the phosphate under e.Kainination, which must contain no 
other strong acid, with a solution of nitrate of sesquioxide of iron of known 
Btrcngth, in sullicient pro])ortion to insure the formation of a basic salt; 
tvaporatc the mixture to dryness, heat the residue to 1(10°, until no nujre 
nitric acid fumes escape, treat with hot water until all nitrates of the alkalies 
and alkaline cartlis are rejm)ved,|| collect the yellow-ochreous [)recipitate 
Dll a filter, dry, ignite (see § ad), weigli, and deduct from the weight tlio 
quantity of sesquioxide ol' iron added. 

f. Dde.rmimifiofi as Basir Phosp/ittfe of Mafjuesia (d Mg 0, P 0^). 

I (Fit. Sciiui.zr.’s m(‘tli(uh suitable more particularly to elleet the separation 
[of phospliuric acid from the alkalies.^) 

i Mix the solution ol' the alkaline ]diusjdiate, which contains ohloritle of 
[aiiitiioniiim, witli a weighed excess orj)Ure magnesia, evaj)orate to dryness, 
[biiitc the residue until the eldoride of' ammonium is expelled, and sepiirate 
ithe magnesia, Avliich is still ]»resent in form of eldoride ef magnesium, bv 
iiioans (,)1‘ oxide of mercury (§ 101, d, h). Treat the ignited residue with 
Water, filter the solution of tho chlorides of tl\e alkali metals, wasli tlie 
jirecipitate, dry, ignite, and weigh, d’he excess of weight over that of 
the iiiagiu'sia used show.s tlie quantity of the phosphoric acid. Kesults 
sjitlsfiictory. 

y. Date run nation hij Volumetric Anahisis. 

1. With Uranium i^oJutmn. 

^he employment of this solution was recommemled twelve years ago Iqv 
jEConik.** NkcuaukiiII in^proved the method and de.s<‘ribed it in detail, 
alterwurds it was recommemled again by PiNcfs.JJ and snbsecpiently by 
^hi)tKi.u.|j|j qdicj ju inrijfle of the method is as follows : acetate of sesipii- 
e ol uranium l)reeij)itates from sol\itious reiidereil acid by acetic acid, 
1’ 'espluito ot scs(piioxide of' uranium, or — in the prc.scucc of considerable 
|l'<‘Cititicis of amnioniai'al wdts— jihosphate of sesquioxide of uranium and 
‘‘"‘Jiwuiia. Tlie pro})ort.ion between the uranium and the phosplmric acid 
. in both compounds. Both coiujKUUids wluui f’rc.dily ])rccipi- 

siuu water are left unchanged by I'orrocyaniile of putas- 

ucetate ot so.sipuoxide of uranium, on the other hand, is indicated 


* Journ. f. prakt. Chein. 17, 341. 
t Journal of the Uoyal Agricultural Society, viii. part. i. 

II t Journ. f. prakt. Chciu. (57, 3. 

rru'-gnosia, wanning with a solution of nitrate of ammonia is 

H Journ. f. prakt. Chem. 63, 440. 

** Jahresher. von Taebig u. Kopp, filr 1853, 642. 

T « Archiv fUr wisHcnsckaftliche lleilkunde, iv. 228. 

^ f. prakt. Chem. 76, 104. |||| AuuaU d. Chem. u. Thariu, 117, 195. 
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l)y tills reagent witli great delicacy, insoliilile reildlsli-hrown ferrucyaii;,';, 
of uraninni being precipitated. 

According to Nkuh.MIF.u* tlie following arc employed 

(L A S(>liifion of Phosphorir Acid of known stiriojth. 

Prepared by dissolving KfOSb grin, pure, crystallized, unefUori'pced, pow. 
dennl, and pressed pliospbate ol soda in water to 1 litre. 50 c. c. cuiuairi 
O-l grin. P(\. 

h. An Acid Solid KOI of Acctcdc of Sodd. 

Prepared l)y dissolving 100 grin, acetate ol soda in 000 ^Yator, ami 
adding ordinary acetic acid to 1 litre. 

c. A Solution of Accfiitc of Scsifnioxldc of l^roninm (§ (15, ll) in Marcr. 

This is standardized by means of the j»hos]>hat(' oi' soda sohition. 1 
indicates •005 grni. P ( The solution is made at first a litth; streiiuenlian 
m'cessary, so that it may contain in tlie litre say 'I'l grin. T r,(),^ {corre- 
sponding ti> 52'5 grin. Pr. 4 *2 aq. or 5-1 grin. Pr,/)^,A +5aii.), itsvaliie 
is deterinined, and it is dilule-d aci’ordingly. To d<‘teriniiu' its value pniceLd 
as follows; transfer 50 c. c. of the a solution to a beaker, add 5 c. c. of tlie 
h solution, and heat m :i w;iter-bath to OO — lOOk Now run in iininiiim 
solution, at first a large <iuantity, :it last in \ c. c., testing after each iiilili- 
tioii whetlu'r till' ]n-(‘ci|>ita(ion is fiiushed or not. For this purpose sjuviul 
out OIK' or two drops of the mixture on a white ]»orcelain surliice iiml 
introduce into the middle, by means of :i thin glass rod, a small ilmp ul 
fcrroevanidi^ ofjiotassium solution. As soon as a trae’e of I'xci'ss ol acetate 
Ilf ui’.'iiiiuin is ju’i'sent, a reddisli-brown sjiot lurins in the drop, uiiieli, 
surrounded as it is by the cnlorless or almost colorhcss Iluid, may l>e vuv 
di.stinctly jierceived. Whmi tlu! final reaction has just a[)peareil. heat a 
li'W minutes in the water-bath and rejieat tin' testing on the porcilaiii, 
If now the reaction is still ]*lain the expi'rinient is conclii<i(d. H t!"' 
uranium solution had Ixam mxactly of the reipiired strength, 20 c. <'• '"cih 
have been used; but it is actually too coiment rated, heiu’c less than 
e. c. must have lieen use<l. Suppose it was IS c. c., then the sehition 
will be right, if lor every 1<S c. c. we ,'idd 2 c. c. of water. ll i" tlii^fiof 
experiment we find that the solution is much too strong, the soliilieii 
ililiited with somewhat less water than is properly speaking reijuiu.', 
another experiment is made, and it is then diluted exactly. 

The actiod <in<d/isis must be rnadi* under as nearly as possible 
circumstamms to tho.se umh'r which the .standardizing of the uranium 
lion wa.s performed, especially as regards tin* acetate of soda. '''' 

retards the jirecipitation of uranium by ferrocyanide of jiotassiiim, 
iIk! te.st drop on the porcelain platii lieconu's darker and darkm’. 
analyst should accu.stom himself to observing the first ap]>earai)ee " 
slightest brownisli cidoration in the middle of the drop, and shun ‘ 
this a.s tlie end-reaction. It need hardly be added that the sanm p^*’ 
mii.st make the analy.sis who has standardizesl the solution j 

The method is applicable to solut.ions of free phosjihoric acid, *mj 
alkaline and alkaline earthy phosjhates, but cannot Im 
prc.sence of sesqiiio.xido of iron and alumina. Dissolve the /, 

water or the least po.ssible quantity of acetic acid, add a ‘ 
solution, dilute to 50 c. c., proceed with the addition of uranium 
and count ■0()5 grin. P for every c. c. used. The results aie s* 
lactory. 

* ilia Anleitung zur llarnanalyse, 4 Aufl. S. 148. 
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135 .] 

2. With Nitrate of Lead (;illcr II. ScinvAKZ*). 

Alkaline phonpliatCB are dissolved in water ; alkaline eartliy pliospihatcs 
•I little nitric acid. Add to the solution a measured (pumtily of a 
olutioii of nitrate of lead (.‘UMOO grni. = fo ^9- in excess, 

j]jL>r off the flocculent precipitate of basic pliosphate of lead (.‘5 I’l) (), 
> 0 ) through a not too loose filter j»a])er, wash, and determine in the 
lltniUi the remainder of the lead, after }>. 217, c. For every c. c. ofthe 
(■ad solution calculate 0*0() t73d (1^ of 0-0071) grin, phosphoric acid. Since 
lie filtering and washing is a work of some time, you may render the ])re- 
.•i|iitaiG more comjiact by warming, make the mixture np to a certain 
ioluine, remove a portion of the clear fluid with a pipette, either at once 
[ir alter filtering through a dry filtiu, and multi])ly tin; epiantity of lead 
olitaiiied hy the proper number. vSciiWAJiz's test-analyses and also some 
by Tk. Moiiitt have yield(;d satisfactory results. In the presence of sosipii- 
o.xide of iron or idumina in tin; nitric acid solution, precijdtate their ])hos- 
pliatos first hy acctati; of soda, determiin; tlnur amount, and, as the case 
may bo, also the com})ositiou of* the precipitate by one of the methods 
•riven ill § 135, and estimate in the filtrate the rest of the jdiosidiorlc acid 
in dirocted aliove. In the presence of a little metallic chloride it is sut- 
tiriciil to dilute the fluid strongly. In the presence of sulphuric acid or of 
mudniiotallic chloride, SeiiWAUZ })ropos(‘s a iireliminarv treatment, wliich 
1 cannot however rectmimend. (Comp, my remarks, Ziutsclirift f. anal) t. 

Clium. 2, 353). 

11. SlCPAUATION OP rilOSlMlOniC AciD FRO.M TIH: ]>AstS. 

§ 135. 

e. From the AlkaVuti (sec also </, /r, a, /). 

(i. Add chloride of ammonium, tlieii aci'latc of lea»l, exactly, till no more, 
precipitate is produced, filter off the preeipilate consisting of phosphate and 
dilorido of lead, wash, precijdtatc trom tlio liltrate tlie slight excess ot lead 
1'}' wiilpliuretted hydrogen, filler and I'vaporate with hydrochloric acid 
(except ill the ca.si* of lilliia, wlnui sulphuric acid is sul>stituti‘d lor the 
liyilmcliloric acid). It' llie phosphoric acid is to be estimated in the same 
I'Ditioii, proc,('ed with the fir.st j»n‘ci])itatc (alter wasliiug to remove the 
laigcr of chloriile), aceording to h. 

(thily apjdieablo in the case of fixed alkalies). Separate the phos- 
I'lioric acid as pliospfiate of .'^esejuiuxide of iron, according to one ot tlie 
'‘"•tliods given § 1 31, </, or as basic jdio.sjdiate of magnesia, uecordiiig to 
f h'l, The alkalies are contained in the filtrate as nitrates or meudlic 
dilorides. 

From Baioita, St rout ia^ LiuiCy atal Oxide of Lead. 
dlie coinjKumd under examination is disstilved in liydrochloric or nitric 
and the solnl.ion precipitated with .sulpliurie ai'id in slight excess, in 
^ a; separation of ])lu)sj)horie acid from strontia, linn', and oxide ol lead, 
'‘^'liol is adiled with the sulphuric aeitl. ddn; })hosp!nu'ic. acid in the 
' tiiite is determined according to § 131, h,a (after removal ol the aleolvol 
^'‘h^^^t’ation). The determination of the |)lu)s|>horic acid is I'lleeted 
accurately by saturating the fluid with i*arl)onato ol soda, evaporating 
diyiicss, and fusing tlio residue witli the earbonato.s ol soda and paitassa. 

Bingl, polyt, Journ. 1t)0, 2S9 ; Zeitsohrift f. an.alyt. Cheiu. 2, 352. 
f Zeitschrift f. analyt. (Jheiu. 2, 250. 
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The fused mass is tlieii dissolved in water, and the further process con. 
ducted as in § 134, a. 

C. From Afagnesia (see also d, /;, k, /). 

The phosphoric acid is separated as in § 134, r/, a ; and the niiijncai 
and baryUi in the filtrate are sci>arated in the manner described § 151. 

d. From the whole of the Alkaline Earths and fixed Alkalm{tm\\\ 

a. IMssolve in the least jx)sslble quantity of nitric acid, add a little 
chloride of ammonium, j)recipitate exactly with basic acetate of lojul^ p,.,,. 
cipitate the excess of lead rapidly from the filtrate by im'aiis of a littl,. 
sulpliuretted hydrogen, filter and determine the bases in the filtmtc, 
Kcsults good. 

/3. Dissolve in water, and — in tlic cas<3 of alkaline eartliy ])lios])hat(?s— 
the least jM^ssible nitric acid, add neutral nitrate of silver ;ind tlien car- 
bonate of silver, till the fluid reacts neutral. All pliosidioric acid now 
sepanites as 3 Ag O, P O^. Warming is unnecessary. Filter, wadi tk 
precipitate, dissolve it in dilute nitric acid, ])recipitate the silver with 
hydrochloric aedd, and determine the plios])horic acid in the filtrate accord- 
ing to § 134, a. The filtrate from the phosphate of silver is Ifeed from 
silver by bydroiddorict acid, and (he bases are then determined according 
to the metluxls already given ((I. ('iiani'KL*). A good and conveiiiciil 
method. (If' the substance contains alumina or sesquioxido of iron, tlioe 
bases are completely precipitated by the carbonate of silver, and arc found 
inixtid with tlie phosjdiate of silver.) 

y. Separate the phos[)horic acid as phosphate of si'scpiioxide ol' ui'aniiim 
(§ 134, c), and (Im excess of se.squioxide of uranium from the alkaliiiii 
earths, Ac., in the filtrate, according to § 101, Supi>lemeut. hc.sulla 
good. 

(i. Separate tlie pho.sp]ioric acid according to § 134, (/, [i or y. The 
alkaline earths are ol)tained in solutioii, in the first case, as metallic (ddoridcs 
together with alkaline aceUite and alkaline meUilliu chloride; in the second 
case as nitrates, llesults good. 

e. From Alumina, (sec also h and /). 

a. (Otto and Fkrsf.nius, applicable; in presrmce of sesquioxidc of iron ) 
Dissolve in liydrochloric or nitric acid, dilute a little, add a tohriildo 
quantity of tartaric acid, arid then atnmonia in excess. If you havoa'hhi 
sufficient tartaric acid, the fluid mu.st now appear clear. Add iiiaj:iu'siie 
mixture in slight excess, and allow to stand at rest for 21 hours nj '• 
covered vessel without warming, tlum filter, and wash the pnaupitato ' 
dilute solution of ammonia; to free it complctidy from alumina, w’siiin- 
oxide of iron, and ba.sic tartrate of magnesia, redis.solve it in hydrocliku^' 
acid, add a very little tirtiric acid, and reprecij>itate with ammonia. 
the jtrecipitite now as directed in § 131, 6, a. To obtain the ahimnuj 
contained in the filtrate, add some nitrate of potissii and a 
quantity of carbonate of soda to effect the decomposition of the chloii^ 
ammonium, I eva]K)rate to dryn(‘s.s, and ignite the residue in a pi'oi 
ve.sHcl. Dis.solve in nitric or hydrochloric acid l)y continued j'-p; 

heat, and separate the alumina from the magnesia as directed in ^ 

* Tompt. rend. 49, 997. -ilosshy 

t The ignition of alumina in piuaoooe of chloride of ammonium would eutai 
the escape of chloride of aluminium (U. Rose). 
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This nictliocl is only to be recommended when the quantity of tlie alnmina, 
ol the sesquioxide Oi iroiij and ol tjie tree acid is not too lar^e, since other- 
so niucli ammoniacal sjilt is produced as to interlere with the priici- 
pltitioii of the phosphoric ;icid as ])hosphate of magnesia and aiuinonia. 
It is thus admirably suited to tlie analysis of wavellite, but not well adapted 
to the determination of the phosplioric acid in soils. 

j], (Berzelius.) Pulverize tlie compound very finely, mix the powdiT 
^vlth about parts of pure silicic acid* and fi jiarts of carbonate of soda, 
ill a platinum crucible, and expose for half an hour to a strong red licat. 
Tmit the ignited mass with water, add bicarbonate of ammonia in exc’css, 
fVarcst for some* time, then filter and wash. On the filter you have; now 
g’licate of alumina and soda., in the solution phosphate of soda, bicarlionate 
of soda, and carbonate of ammonia (were the solution filtered loel’ore the 
ailiiition of the bicarbonate of ammonia, it wmuld contain also some of the 
alumina compound.) Determine flie phosjilioric acid in the solution :is 
directed in § 134, b, a, and separate and determine the alnmina in tlie 
insoluble residue in tlie manner described § 140. Kcsults good. 

y. (fucHS.) Dissolve in solution ol ])oUissa, and add solution of .silicate of 
potassa. Dilute the mucilaginous mass, which forms, wdth water, and boil. 
Filter off the preci[)iUite of .silicate of alumina and pottisstn The filtrate 
eoiifains the whole of the phosphoric acid. Acidify it with hydrochloric 
acid, and se])arate the phosphoric acid and silicic acid in the manner 
dcserilied in § lG(h 

c . (Wackknuouer and Freskniu.s.) Precipitate tlie not too acid solution 
with ammonia, taking care not to use a great cxces.s of tliat reagent, and 
add chloride ol barium as long as a ])reei])itate continues to form. Digest 
lur some time, and tlieu (ilter. The jaa-eipitate contains the whole of the 
.iluiniiiu and tlie wdiole ol the phosjdioric acid ; the latter coinldiied ]>artly 
^itii alumina, partly with luir^ Ui. Filter it olf, wa.sh it a little, ami dissolve 
the least possible (piantity of hydroehloric ;u‘id. Warm, siturate ibc 
solution with carbonate ol baryta, add pure bydratui of potass^i in excess, 
apply heat, j)reci])itato the baryt4i which the solution may eoutaiii with ear- 
houate ot soda, and filter. You have now the whole of the alumina iu 
solution, the whole of the phospdioric acid in the precipiiUUe. Acidity 
tic solution with hydrochloric acid, boll witli some chlorate of ]K)tass;i, 
'iix piecipi^ite as directed § 1 (),'). Dissolve the preeijiitate iu hydrochloric 
) piecipitate tlie baryta with dilute suljiliuric acid, filter, and dotormiiie 
‘c 1' m.sphoric iicid iu the filtrate by jireeipitatiou with solution of mag- 
la the manner described in § 134, (i( (Hermann liasapjdicd a per- 

^‘•ay similar method in his analysis of gibbsite.) 

/ J'/mi Ses(jiin(),r{(le of Chnymiam (see also /q /r, ?q /). 
use with earhonate and nitrate of soda, and separate the chromic acid 
P loaphoric acid iu the manner described § DIG. 

a Oxides of the Fourth Group (see also h, k, a, /). 

tiiue uarbouate of soda ami poUist^i. Keep in fusion for some 

fic)il the fused mass \vith water. Filter and Avash the uudis- 
sod'^' filtrate contains the plio.s])lioric acid combined with 

wlihi the acid as diri'ctod in § 131, /q a. l>issolve the residiu', 

^ retains alkali, iu acid, and determine the meUd by the 

method. 

^ file case ot piliospliato of manganese, c^irbonate of soda is used instead 

* Tho safest way is to use artificially prepared silicic acid. 
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of the mixca carboitatea. Shotihl a small portion of manganic ad,l l,;,vj 
got into the solution, this is removed by a httlo sulplmreUed liy.ln.^n 

" '/r Dissolve in hydrochloric acid, add tartaric iicid, chloride of ami,,,,, 
ninm and ammonia, attd lltially, in a llask which is to be closed alt, 
sulphide of ammonium, put the llask in a moileratcly warm place, all,,,,,,,; 
the mixture to deposit until the ihiid apia-ars of a yellow <-„l,.r, 
the least tint of green ; liltcr, and .Ictcrmmc the mends as due, I,,, I 
108 to 114. The ])lios])horic acid is found from the loss, nr dbitr- 
n'dned according to § DU, b, a. The magnesia-nuxtun, may mnmdiaf, v 
be added to the fibrate, which conuins s,ilph„le ol ammonnu,,. ll„, 
■washed precipitate is once more dissolved, and tlie so ntion u pu t ipir.iii, 
as in r, «. This mctl.otl is not well adapted for the analysis ol the pits. 

(Sneciid niothod for circcting the separation of i)hos])h()ru‘ acid roni 
tin, oxi.les of iron. K. AtiKNur and W. Kxair.*) D.sscilve in liyiluml.lnnc 
achl to the least |.ossilde volmne of llnid, ad,l to ll.e ch.'ar soluliuii 
chloride of nraniumt, until the color inclines distinctly to gi ecu, 
droi) of sulphoevanide of potassium no longer prodnees a red lint in ui 
fluid. Add now ammoiiia to distinct alkaline reaction, then aicat o 
scsf.nioxide of nraninm, and free acetic aci<l, together with a lew drips i 
solution of aeeUitc of protoxide ol nraninm.lf ^ukI heat to 
color of the mixture must appear distinctly greenish, .im not ' • 

the snlid particles ceinyi/cn/// subside, ami tlnai ilecunt un to a * 

tlm precipitate will, water ami some chloride of auiuaiuiuui, au.l dcu 
a'Ciiii. liepeal this operation oiiee more, and then treat pe !”‘'-'l" ' ' ' 
dire, ■ted iu D!l,c. Separate the uranium and ir,.n m ’'m '> ' 

,lii.,,,.te,l § ih, Snpph.menl. 'I'he results arc satislin'tory. 1 > Slmin. 
of the pV,,t,)ehl,>iide of nraninm has lor its ohjeol the tu nc 
scst|iiichlori<l(.; (»f iron to ]>roto(.-hloridc. . . , 

c (Special method for (dUrting th.‘ scparati.m (d' phosph.iric 

. theo.xid.-s of iron, Fin:si;Nii:s.) Kcdncc "’"‘I 

solution, if nec(*s.sary, witli sulphite of soda, add pnie i}' 
in excess, boil until tlie precipitate has hecome hlack ain 
and wash witli hoiliiig water. 4'lie ] tree i])i fate on the iiltei is pio 
oxid(! of iron, free from pliosphorie acid. The pho.'^phoiie at c 
filtrate is determined as ilirected in § 141, />, a. 

h. Fruni Meliilllc D.c/dc.s of the , S', rend, Tlimf nod I'omih • 

, .. .1 1 ilw* itvoLO.xna.T 


n. r I inn. ^\iruuin. t i// t/.. ..toxin 

u. More especially from the alkaline earths, alumina, the po 

* Cliem. ( 'entrallil. 18 .'j 7, 1^2. of 

+ Preparatim of the Prof odd or hie of f/rtotiam. -Dissolve J., flleot 

'of uranium and ammonia in douhlo the (piaiitity of hydroch tine 'U-** o.iow iid'^ 
H«»iiitiori, add a few dropH of stdution of bichloride ‘4 platinum, i o 

mixture an exceHH of fine coppor turnings. Heat, and let the mix of di« 

15 minutes. The fluid speedily acfiuircH a green color, and tno _ .subchlod'l^ f 
chloride to subchiori.le is soon effected. To separate tlm ‘ a nami'k 

copper, let tlm mixture boil until water produces a copious preeii>in _ ^ ott 

it. When this point is attained, dilute the entire solution, allo'V ii . m 

the Huhchloride of copper, transmit through the tiltrato I* „ vv’id» 
excess ; filter off the precipitated svd»sulphide of copper, mix t le so ^reiidt a'’ 

of ammonium, and boil until all sulphuretted hy<lrogen has escape* • 

W. Knop, Chem. Centralb. , 1857, 1«4. „ . «„lution of 

t J'refKiratiov of An tote of Protoxide, of Uravinm. f recijn a bod 

chloriile of uranium with amniunia, and dissolve the precipitate in ‘ 
a high temperature. 
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rr'inese nickel, and cobalt, and oxide of zinc ; also from sesqnioxidc of 
‘rou^if (inantity of the latter is not too considerable. 

phosphoric acid is preci])itated as phosjliate of Innoxide of tin, 
according to the directions of § bM, A, a, act. Tlie filtrate contains the 
loses free from any foreign body reejniring removal, which, of coiirse, 
,,,.,v,tly fecilitatcs their estimation. liKissm ohUiined very satislactory^ 
nisiilts by this method. In se])arating jdiosjdioric acid in the presence of 
jiiiicli scs(iuioxide of iron and ahnnina by means of tin, Gikaiid’s process 
(5 Idl, 6, a, hb) should be adoj)ted. 

j] From ses(piioxide of iron, alumina, alk;ilino earths, and all other 
oxides not prccii)ital)le by carl)onat(^ oi‘ l)aryta (11. Rosk). 

Mix the hydrochloric acid solution— after removing the free acid as tar 
as practicable hy cvapioration, and snhseqiicntly neutralizing it partly by 
c:irlK»nate of soda — with earhonato ol' baryta in excess, let the mixture 
diLrcst some days in tin', cold, filter, and wasli with cold water. The ])re- 
cipitiito c/mtains the whole of the jihos]ihorie acid in comlaination with 
scstjuioxide of iron, ahnnina, l)arvta, and l>esi(les also the e.xcess ot car- 
1, oiiate of baryta used. The other bases are in the tiltrate. The precipitate 
is dissolved in the least ]K)ssihle ijuantity of <lilnte liydrochloric acid, the 
liiiiyta cantionsly ])re(!ipiUited with snlplmric acid and filtered oil, the 
nitrate saturated with eari)onat(^ of soda, and ova)>orated to dryness with 
tiic preci})itate in it; the residue is niixt;d with an e(jual (juantitv ol pure 
silicic acid, and six time's as mueh carlnniate of si)da, and the mixture 
licated ill a large pbttlnnm crucilelo, commencing with a gentle bent, whicli 
is then grailually iiierease'd to a very high degree' ol intemsity. 1 he re- 
iiiiiiiiiiig o|)e‘rations are eondne'ted exactly as elirectc'd in c\ /b 

y. From scsepiioxide e>f ireen in large proportion ami in ]>resenee ol 
alkaline exirtlis (FuKShNics* ). 

The (l(‘te‘rmin;ition of the phos]>horie‘ acid in such oompe)unds may, 
indeed, he aeeonqelishe'd by the nu-lhod given in § 1-1 1, <L I'Ut the separa- 
tiiin by those metlieads, e)f a small <[Uantity eel phos])horic aedd troin a \e‘i v 
largo ]n'oport ion ol’ se's(piie>xide* eef iron is a most te'elious e^penatiem ; it is 
therefore }>referal)lo in case's of the kind to prena-ed as i’ollows : tlie liyelro- 
cliloric ae‘id solution is he'ateel to heeiling, tlu*n reinoveel tr<un the lamp, 
‘^"d solntieen of sulphite' ol' soda aeldeel, until carbonate e>l soela jn'enhu'cs 
’"'''rly white precipitate; tlie mixture is then boile'el until the eHle>r ot 
^'ilphurems acid has gone edf ; the exce'ss e>f free acid which might still he 
I’l'ese iit is nearly neutralizoel with carhemate ol seula, a few elreips ot clilorinc 
'filter arc aeldeel, and lastly, acetate e)f soela in excess. T’lu' iuinutc>l 
'I'lyitity ol pliosphorie aciel sluiws ilsell* at e>nee l>y the iormation e)t .i 
"hilc precipitate eif jihosphate of sest|uioxide eif iron.j More chhu-ine 
"Htor is ueiw added, droj) liy drop, until the lhii«l appe'ars reelelish ; it is 
beiiled until the pre'cipitatc has well suhsideel; the' latter is tiltered olF 
and washeid with heit wmter mixed with a little ace'tate of ammonia, 
precipitate contains the whedo of the phosjdioric acid, teygcthci with a 
j^"^‘dl portion of tlie iron ; the iiltrate ceaitains the givater peirtion e»t the 
together with the alkaline earths. Tdie ]iivcipitate is treateel as 
^"■ected in ]p jPom alumina, it may also be ignite'd, wedghed, 
the iron in it deti'rinincd in the volumetric w.ay (§ 11<1), in which 

j . * Jenirn. f. prakt, (^hem. 4.’5, 

Dre ' ursciiio iie,'iel produce a suiiiiar precipitate:', and must tlicreiote, it 

^ be previously removed. 
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case the phosphoric acid is found from the loss. If, on tlie otlier halide tlie 
precipiUite contiiin uluniina, the iron may be separated as proluscs(|ui(Jxiile^ 
according to the directions of d, and tlie alumina and phosplioric a,.;,} 
in the filtrate, according to d, a ; or the latter method ot separatinir tlii; 
phosphoric acid may be applied first, and the alumina and ses(|iiioxiil(; 
of iron separated afterwar* Is. 


I. From the Metals of the Fifth and Sirth Groups. 

Dissolve in hydrochloric or nitric acid, precipitate with sulpliiuettcd 
hydrogen, filter, determine the liases by the metluals given in ll.i to 
127, and the phosphoric acid in the filtrate by the metlu.d (Itiscribwl 
§ 134, b, a. From oxide of silver the phosplioric acid is separuled in ;i 
more simple way .still, by achling hydrochloric aci*l to the nitric acid solu- 
tion ; from oxide of lead it is separated most readily by the method dcscrikd 
in b. 


k. From all Bases^ except Alumina and the Oxides of ^^er(;ur>/ (TI.Kosi;), 
The phosphoric Jicid is separated as idiospliate of subuxide of mercury 

by Hose's method (§ 134 , lo y). i i • 

a. If tlie substance contained no iron, tlie filtrate from the pliospliaU' ul 
suboxide of mercury contains all the ba.^^es as nitrates, together ^^ilh iiiiu \ 
nitrate of suboxide of mercury, and occasionally also some oxide. Hh; 
fornn'r is nanovc'd ]>y the addition of hydrochloric acid. 1 he piei 
sulxdiloride of mercury is free from other lia.ses. ll only a 
tate is produc<*(l by hydrochloric acid, add ammonia betore fdteiiug. 
ba.ses in the filtraU; are den*rmined in the usual way. 11 the ineieiii} ui 
been separated liy ammonia, the precipitate is dried and ignileil (uii' ci u 
chimney with good draught). Should a residin' nmiain, this must 
examined. If it consists ol’ phosphattes of the alkaline (.arlh^, t n tiui 
ment with mercury and nitric acid must be re'peate*<l ; il, on tne ceiili.u}) 
it consists of pure magnesia or of c.arbonates ol the alkaliiu! eaiths, it ly' ^ 
solved in hydrochloric a<-i«l, and the .solution added to the fluid cuntamnib 
the chief portion of the liases. The following method is often advant.i^cou. 
res<irted to instead of the one just *lo.scribed ; the filtrate h’oiu t ic 
phate of suboxide of mercury is eva[)orated to dryness, in a 
and the residue ignib-d, in a platinum crucible, umler a. chiinne) 
draught. If alkaline nitrab'S arc present, .sonn; carbonate of 
1)C added from time to time during tin; prociiss of ignition, 'j niito 

injury to the crucible from the formation of caustic alkali. ^ 

residue is treated, iiccording to circumsbanc(;3, first with watei am 
with nitric acid, or at once with nitric acid. I j 

/3. If the sidisbince conbiined iron, the greab'r part ol ^ 
left undis.s*jl ved with the phosj)hate ot suboxide of mercur} . ii 

solved jjart is separated from the other ba.ses l>y 
Section V. ; the undi.s.solved part is obtained, after ignition of 
with carbonate of soda and potas.s;i and treating the i 

water, as sesipiioxide of iron containing alkali. Ihis is ‘ p,,, 

hydrochloric acid, and the solution precipibited with ammonia. jpoxi* 
l)hate of alumina cannot be decomposcsl, like 

of iron, by fusion with carbonate of soda and [xatassa, win s- „ 

alumina like nitrate of sesquioxide of iron is deeomjio.sed by simp ^ 
ration, the method is not applicable in presence ol alumina.) 
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I From all without exception. 

Apply SoNNENScii kin’s method (§ 13d, h, /3), and in tlic filtrate from 
the pliospho-inolybdate of ammonia sc;j)arate the bases irom the molybdic 
jiciil As molybdic acid comports itself with sulphuretted hydrogen 
and sulphide of ammonium like a metal of the sixth group, it is best to 
precijiitate metals of the sixth and also of the fifth groiij) from acid 
solution with sulphuretted liydrogen, before proceeding to precipitate tlie 
phosphoric acid with molybdic acid ; the latter will then have to be sej>a- 
ratod only from the metals of the first fi^ur groui»3. This is done in the 
following manner : mix the acid thud, in a fiask, with ammonia till it 
acfpiircs an alkaline reaction, add sulphide of ammonium in sufficient 
excess, close the mouth of th(‘ flask, and digest the mixture. As soon as 
the sohition a])peara of a r<Mldi8h-yellow color, without the least tint of 
green, filter olf the fluid, whicli conuins sulphide of molybdenum and 
ammonium, wash the residue with water mixed with some sulphide of 
iimmnnium, and separate the rmnaining metallic suli)hides and hydrated 
oxides of the fourth and third groups by the methods which will l)e found 
in Section V. Mix the filtrate cautiously with hydrochloric acid in mode- 
rate (excess, remove the sulphide of molybdenum according to the directions 
of§ 128, c, and determine the alkaline earths and alkalic'sin tlic filtrate. 

This method of separating the ])hos])horie acid from the bases is higldy 
in lie recommended ; especially in cases where a small quantity of 
plioriciicid has to be determined in presence of a very large quantity of ses- 
qiiioxide of iron and alumina, as, for example, in iron ores, soils, A'c. As 
arnenic acid and silicic acid give, with molybdic acid and ammonia, similar 
yellow precipitates, it is necessary, if these acids are present, to remove 
them first. Ihowevor, even if a little silic'o-molylxlate of ammonia is mixed 
with the phos})h()-m()lybdate, the estimation of the phosj)horic acid may 
yet be accurately effected (comp. § 134, />, /?). 

Aatho 8e])aration of the b,as(‘s from tin' large excess of molybdic acid 
used is somewhat tedious, the host way is to arrange matters so tlnat this 
process may he altogetln^r dispensed with. Sn]q»osing, for instance, you 
hme a iluid containing scwpiioxide of iron, alumina, and phospdioric acid, 
in one p)()rtion, l)y cautious ])reci])itatioM with ammoiua, the total 
'iinount of the three bodies ; in another portion the })]ios])boric acid, by 
iiieaiis of molybdic acid ; and in a third, the ses(piiuxido of iron, in the 
^ehiiiietric Way. Tlie diirerenco gives the alumina. 




2. Bou.vcic Acid. 

I- Beteminotion. 

deterniiiiation of the boracic acid in an a(]ueon8 or alcoholic solution 
he eflheted by siinjdy eva])orating the fluid and weighing the residue, 
‘y •'1 notahlo portion of the aeitf volatilizes and is carried off with the 
‘ or alcoliolic vajmr. Tliia is the ea.so also wlieii the solution is 
''^pwated with oxide of leml in exee.ss. 

omeic acid is estimated either iudivcctlii or in tlie form of borofluoruk 
potmsium. 


(let enni lint Ion. 

solution of the boracic acid with a weighed quantity of pure 
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carbonate of soda,* in amount al)()nt times the supposed rpiantity ofip 
lioracieacid present. Evaporate tlie uiixtuia* to ilr} ness, lieat tlu- rcsiil 
to fusion, and weigh. The residue contains a hnowii amount of sodi, ;i,,i 
unknown (piantities of carbonic acid and boracic acid. r)et( riiiin(' p, 
carbonic acid by one of the nietliods given in § IdO, and find tlie lionuK 
acid trom the dilference (II. Ko.si;). 

h. In the method u, if between I and 2 eq. carbonate of soda iirc usodin 
1 eq. boracic acid— and tliis can easily be done if one knows apjiroximaid, 
tlie amount of the latter present — all the carbonii', acid is exju lKd liv tlie 
lioracic acid. Hence we h;iv(* only to deduct the ^iaO from the residue t„ 
fiiul the BOjj. As the tumultuous escajie of <-arboni(t :icid intiy lead to 
loss, it is Avell, after having thoroughly dried tint residiiid silijie iiias>, 
to pr<iject it in smidi ])ortions cautiously into the red hot crucibli!. Results 
good (h. (I. ScilAl'l'UOTSCUt). 

c. 11' a solution contains tdk.-die.s besi<les boracic acid, the latt(*r iiiav I c 
deten I lined, according to (’. !Mai:i(;nac,;J; in tlu; following mtmner :—.Neiiria- 
lize the sedutioii with hydrochlorie acid, ;idd doul)lc chloride of ninunesiiiiu 
and ammonium in smdi (piautity that 1 ])art of bor;ici(! acid may have al 
least 2 parts of imigiiesia, thmi add iimmouia and evtiporati; to drvuesN 
If a precipitate is Ibrmed on adding the ammonia wliich doi'S not redissolu 
retidily on warming, add more ehloridi! of ammonium, ddie cvtijMiratii n 
is conducted, jit l<‘ast towtirds th(i end, iu a ]>liitinum dish, a. few (Imps nl' 
ummouia being added from time to time. Ignite the dry mass, treat witii 
boiling water, colh'et tlu; insoluble jirecipitati; ((.•onsistiiig ol’ I'orah' ot 
magnesia mixed with exe(!ss of magnesia) on a Idler, and wash with Iwiliii.' 
water till the washings remain (dear witli nitrate of silver, d'lio tiltiate 
and wasliings arc mixed with ammonia, cvaj)oratcd to drym'ss, ignitcal, aiul 
wtislied with boiling water as before. 

The two insoluble residues are ignitffd together in the platiiiiiia hid 
V)(;f(.»re used, as strongly as possible, and for a suliicicntly long i" 
order to decoiiqiose the slight traces ol’ chloride of magnesium that iiiigi' 
still be present. After weighing determine the magnesia and lliid dv 
boracic acid from the dilferenee. The estimation of the magiu‘sia, luav ho 
made by dissolving the residue in bydroeblorie acid and ])rcci|iltafni,i: 
phosphate of magnesia and ammonia, or more (piiekly, and ahiRisl 
accurately, V»y dissolving in a known (piantity of standard sul|>hurl(' iui'J 
at a boiling tem]>eralnre <md determining the excess of acid with slaiuhnl 
soda (comp. Alkalimetry). 

8honId a little platinum remain hehind on dissolving the residia'. it 
must be weighed and subtracted from the weight of the wliolc (unless iho 
dish was weighed first). Kcsnlts s;itislaeU)ry. iMAUKiNAC obtained in 
exj)erimeiits 0-27f) instead or()-2H(). 

2, If boracic acid i.s to be determined as horojliiondc o/‘ nU'i 
lies only (prfdbrably only potash) may be ]>reHent. The ])roc('ss is condiict'i^ 
as follows: — Mix the fluid with pure solution of potassa, adding l"r ’ 
eq. boracic acid supposed to be present, at least 1 oep ])otassa; ndd jinn^ 
hydrofluoric acid (free from silie/u; acid) in excess, and ((vaporatc, ni < 
jdatinnm dish, on the water-bath, to dryness. 'Idle fumes from tlni 
rating fluid .should redden litmus paper, otherwise there is a deliciciK} 
hydrofluoric acid. The residue consists now of K El, B Flj nnd | 

JI FI. Treat the dry sjiline muss, at the common tenqieraturc, wi 


* Fused carbonate ofeoda answers the purpose best, 
t Fogg. Ann. 107, 427. J Zeitschrift f. aiialyt. Chem. 
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solution of 1 part of acetate of potoss.a in 4 j>art3 of w.atcr, l(',t it stand a 
leu- hours, with fre(pient stirring, then decant the fluid portion on to a 
weighed filter, and wash tlie precipitate repeatedly in the same way, 
finally on tlm filter, with solution of acet^ite of potassa, until tlie last 
rinsin'^ are no longer precipitjited l>y chloride of calciuni. P>y this course 
of proceeding, the hydrofluute of fluoride of potas.sium is removed, without 
a particle of th(j borofluoridc of poUissium being’ dissolved. To remove 
the acetate of potassa, wash the j)recipitatc now with spirit of wine of OnS.h 
sp. gr., dry at 100", and weigh. As chloride of potassium, nitrate and 
phosphate of potassJi, s.alts of* .s(^(la, and even, tliongli witli some difficulty, 
Riilfhato of poOissa, dissolve in solution of acetate of potassii, tlu? presence 
of these salts does not iriterferc with the estimation of the boracic acid ; 
however, salts (3f soda must not be present in considerable proportion, as 
fluoride of sodium dissolves with very great difiiculty. Tlie results ob- 
tained hy this method are satisfactory. SruoMUYKifs experiments gave 
from DT’O to 100'7, instead of ICO. For the coiufio.sition and fmojxirties 
of horoflnoride of jiotassium, see § 03, 5. As tlie salt is very lilady to 
contaiu silicofluoride of potassium it is indispens:d)le to test it for tliat sub- 
stance; this is done by placing a small siimple of it on moist blue litmus 
})ap(’,r, and putting another sjimjile into cold concentrated suljihuric acid, 
if the blue paper turns red, and effervescence ensues in the sulphuric acid, 
the siilt is impure, and contains silicofluoride of potassium. To remove 
this impurity, dissolve the remainder of the salt, after weighing it, in 
boiling water, add ammonia, and evajioratc, I'edissolvc in boiling water, 
add ammonia, &e., rep(;ating tlie siune o})cration at least six times. Finally, 
after warming once more with .ammonia, filter off tlie silicic acid, eva})orate 
to dryness, and treat again witli solution of acetate of })olassji and alcohol 
(.\. Stuomeyi'.ic*). I was oliliged to modify STiaiMKYKids method for 
effeeting the separation of the silicic acid, the results of my expcrimoiits 
liaving convinced mo that treating the salt only once with ammonia, 
as recommended by that chemist, is not suflicieut to effect the obioct 
in view. 


II. Separation of Boracic Acid from the Bases, 

From the All'nlies, 

Dissolve a weighed (piantity of the borate in water, add an excess ol’ 
liydrocdiloric acid, and cvajiorate the solution on the wato'r-liatli. To- 
^vards tlie end of the ojieration add a few more drojis of' hydrochloric acid, 
and keep the residue on the water-hath, until no more hvdrcH'hloric acid 
sapors escape. Determine now the chlorine in the residue (§ Ml), t'ah'ulate 
h’orn this tlie alk.nli, and y oil will find the boracic acid from the ditfei'cncc. 

E. 8cuweizi-;u, with whom this method originated, stuD's that it gave 
luiii very satisf'actory rc.sults in the analysis of borax. It will answer also 
Inr the estimation of the bases in the case of some other borates. It is 
self-evident that the b oracic acid may lie e.stiniatod, in anotlicr [lortion of 
salt, by I.j 1, c, or 2. If you have to estimate lioracic acid in |)rcsenco 
nf large proportions of alkaline salts, make the fluid alkaline with jiotassa, 
®^tpor;ite to dryness, extract the rc.siduo with alcohol and some hydro- 
fluoric acid, add solution of potass.'i to strongly alkaline reaction, dist il t)iP 


the 


spirit of wine, and then proceed as in I., 1, c, or 2 (Auu. Stko.meylu, 


city 


* Annal. d. Cheni. u. Pharm. 100, 82. 
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h. From almoH all other Bases. 

The compounds are decomposed by boiling or fusing with carhonato (f 
hydrate of potiissa ; the precipitated base is iiltcu’ed off, and the bor:ici(' a j,] 
determined in the liltrate, according to the directions of T., I e, or 2. If 
magnesia was ])resent, a little of this is very likely to get into tlu; fihrritt', 
and— if process 1, 2, is employed— upon neutralizing with hydroHuori,, 
acid, this separates as insoluble fluoride of magnesium, which may (iihei 
be filtered off* at once, or removed subsecpiently, by treating tlio boro- 
fluoride of potassium with l)oiling water, in which that salt is soluble, and 
the fluoride of magnesium insoluble. 

c. From the Metallic Oxides of the Fourth, Fifth, and Sixth Groups, 
The metallic oxides are precipitated by sulphuretted hydrogen, or, a,s 
the case may be, sulphide of ammonium, and determined by the a]i|iru|»ri[ite 
methods. The quantity of boracic acid may often b(' inferred from the 
loss. If it has to 1)0 estimated in the direct way, the fdtrate, after addition 
of solution of potassji and some nitrate of potassji, is evaporated to drynoss, 
the residue ignited, and the boracic acid estinuited by 1., 1 c, or 2. In 
cases whore the metid has been precipitated by sulphuretted hydrogen from 
acid or neutral solutions, the boracic acid may also be dcteriniiuMl in the 
fiqrate — in the absence of other acids — by 1., 1 a or h, afb'r the ('oni]»lt‘t(‘ 
removal of the sulpliuretted liydrogen by transmitting carbonic acid tliroiiiih 
the fluid. 


d. From the trhole of the Fixed Bases. 

A ])ortion of the very finely puhnadzed comi)Oimd under cxainination 
is weighed, put into a caj'aciou.s pl.atinum dish, and digested with a j^idh- 
cient quantity of hydrofluoric cici<l ; ])ure concentrated sulphuric acid n 
then gradually added, drop l)y drop, and the mixture In-ated, gently at 
first, tlien more strongly, until the excess of the .suljdiuric acid is com{>l('U' } 
expelled. In this oj)eration tlio horacic acid goes off in the form of Huoruic 
of boron (B O, -t dll FI = B Fl^ + .‘i II 0). The residue contain.s the bass 
in the form cT sulphates; th(! ba.ses are determined by the iippntnate 
nietliods, and the (piantity of the boraeic acid is inferred from the (lillcniicc 
Ix'tween the weight of the sjiparated base and that of the analysed 
The jq)])lication of this method j)resu[)p()ses, of course, that the 
compound is decomposidjle by sulphuric acid. 


§ 137 . 

3. Oxalic Acid. 

I. Determination. 

Oxalic acid is eitlier precipibated as oxalate of lime, and tlio latter 
mmod iiH carbonate of lime ; or tlm amount contained in a conqtonnf j 
inferred from the quantity of solution of permanganate of ])otasAa ^ 
to effect its conversion into (xirbonic acid; or from tbo qiuinlity o 
whicli it reduces; or from tlie amount of carbonic acid which it y’*- 

iqioii accession of 1 cq. oxygen. 

a. Determination as Carbonate of Lime. i oxce^^i 

I’rocipiuite with Sf)lution of acetate of lime, added in niodera e 
and treat tlie ])recipitat(^d oxalate of lime as directed in § lb* • 
metliod is to yield accurate results, the solution must bo ncutra 
acid witli acetic add ; it must not contain alumina, sesquioxidc ol i 
or oxides of the licavy metals, more especially sesquioxidc of ^ 
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of copper ; therefore, where these conditions do not exist, they must first 

i,e supplied. 

J jydennmafioii hy means of Solutioii of Pennanyanate of Potassa. 
Deterniine the strength of the solution of permanganate of potassa, as 
directed p. 1^^? e’o, by means of oxalic acid; then dissolve the coni- 
ouiid in which the oxalic acid is to be estimated, and which must V»e free 
iioui all other bodies that might act on solution of permanganate of jKjtassa, 
ill 400 or 500 parts of water, or, as tlie case may be, acid and water ; add, 
if necessary, a further, not too small, (piantity of sulphuric acid, heat to 
abunt ()0°, and then add the })ermanganate, drop by drop, with constant 
[gtirring, until the fluid just shows a red tint (compare ]>. 189). 
Knowing the quantity of oxalic acid which 100 c. c. of the standard per- 
niati'ceiato will oxi(lize, a simple calculation will give the (piantity of 
oxalic acid corresponding to tlie c. c. ol’ permanganate used in the experi- 
iiiciit. The results are very accurate. 

c. Determination from the reduced Gold (II. Rose). 
a. In Compounds soluble m Water. 

Add to the solution of the oxalic acid or the oxalate a solution of sodio- 
tercliloride, or ammonio-terchloride of gold, and dige^st for some time at 
a temperature near ebullition, with exclusion of direct sunlight. Collect 
the ])reci pita ted gold on a filter, wash, dry, ignite, and weigh. I cep gold 
(llH!) corresponds to 3 eq. (3 x 30 = lU8). 

I jl In Compounds insoluble in Water. 

i Dif^solvc in the least ])ossible amount of hydrochloric acid, dilute with 
[a very large quantity of water, in a cn|)acious llask, cleaned previimsly 
M'ith .solution of soda; juld solution of gold in excess, boil the mixture S(une 
time, let the gold Subside, Uikiiig care to exclude sunlight, and proceed as in u. 

il Detennination as Carbonic Acid. 

This may be eflccted either, 

a. By the method of organic analysis (§ 175); or, 

[I- By mixing the oxalic acid or oxalate with finely pulverized binoxide 
tif manganese in excess, and adding sulphuric acid to the mixture, in an 
apfaratus so constructed that the disengag(;d curbonic acid passes oil 
reiicctly dry. 

Ihc theory of this method may be illustrated by the following equation : 

O 3 -f Mn 0, + S O 3 = IMn O, S 0, + 2 C 0, 

lor each 1 cq. oxalic acid we obUiin accordingly 2 etj. carbonic acid. 
01 tlie apparatus and process, I refer to the cluqitcr on the examination 
0 manganese ores, in the special part of this work. Here 1 may remark 
Jtlree oxalic acid must first be prepared for the proces.s by’ slight snper- 
^'^t'm.ition with ammonia, and also that 9 parts of anhydrous oxalic acid 
theoretically 11 parts of (pure) binoxide of manganese. Since an 
ol the latter substance does not interfere with the accuracy ot the 
jsuts, it is amount to be added. The binoxide of 

ttced not bo pure, but it must contain no carbonate. This 
con] Jind gives very acciuate results, if the process is 

^alance^^ apparatus sufficiently light to admit of the use of a delicate 

Kipar^ manganese, chromate of potassa may bo used; 

u'. ’ 


u 
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11. Separation of Oxalic Acid from the Base!?. 

The most convenient way of analysing oxalates is, in all cases, to (jptf, 
mine in one portion, the acid, by otic of the methods givfoi in I.,in;uiotL- 
])ortion, the ])ase, particularly as the lattc'.r object may be i:;(‘nerallv 
by sim])le ip^nition in the air, whicli reduces the salt either to the iiK.t;,]; 
.state (c./y., oxalate of .silver), or to pure oxide (c.//., oxalate of lead], or t, 
carbonate (c.//., the oxalates of the alkalies and alkalim; earths). 

If acid and base have to be determined in one and the .same portidu 
of the oxalate, tlic followinp: methods may be rf'sorted to : 

a. The oxalic acid is determined by 1., e, and the p,n)l(l separated lium 
the bases in the (iltrate by the mctho<ls given in Section V. 

h. In many soluble s;dts the oxalic, acid may be deterniiiied hv tic 
method 1., u; separating the bases afti‘rw:u-ds from the execs, s of the s;i'.‘ 
of lime by the methods given in Section \^ 

V. Many oxalates who.se bases an; precipitated by caT’bonato of [Kit.'i?s,'t 
or carbonate of soda, and are insolnbh; in an ('xccss of tlu; pr(.'('i]iit;iijt, 
may be decomposed l)y boiling with an exce.ss ol' solution of carhoiiate ot 
potassa or (carbonate of soda, oxide or carbonate being formed on llic one, 
and alkaline oxalate on tin; other side. 

d. All salts of oxalic .acid with tin; oxides of tlie fourth, (iflli, and sixlli 
groups, may be decompo.sed with sulphuretted hydrogen, or sulphide u! 
ummuniuni. 

§ nw. 


4. IlYDUoi'iaiouK; Acid. 

T. Dflennination. 


Free hydrotbioric acid in aqueous .solution is Ix'st detcrmiiu'd as 
of cali'inm. For this f)Ur])ose, (‘arbonati; of soda is abided in iiiedi.ra!' 
excess, t]n;n a solution of chlori<le of c.alcinm as long as a prc(d])itate on - 
tinues to form; when the j»n;ci|*itate, which consists of lluoridt' ol caloinn 
and carbonate of lime, has sul)sid(Ml, it is w, ashed, (irst hy decanlalne, 
afterwards on the filter, and dri(;d ; when dry, it is ignited in a pi'ilin'ij" 
c.ruc,ible (§ a.*)); water is then poured over it, in a plat inuin or poroh'H 
dish, acetic acid added in slight ex(;(.‘s.s, tin; mixtun; evapor.ati'd to drvii''- 


on the water-bath, and lie.atcd on the latter until .all odor ot‘ accticoicin 
di.sappears. The residm;, whicli consists of fluoride of calciinu andao'''’- 
of lime, is lieated witli w.ater, tin; fluoride of calcium tillcaaMl (dl, ^v!^d]0p 

dried, ignited (§ h‘»), and weigh(;<h If the pre(;ipit.ate of tluoridc ot oilo'H'i 

and carbonate of lime were treate<l with aia-tic. acid, without pn'i^ 
ignition, tin; washing of the fluoride would provi; a.diflicnlt 
Fresence of nitric; or hydrochloric acid in the aipieous solution ol 
hydrofluoric acid does not interfere with the pnxM'.ss (H. Rust;). 


II. Separrition of Fluorine from, the Met ah. 
a. Soluble Fluorides. , 

If the solutions liavc an acid rea(!tlon, cnrlionate of Hod.i j iP 
excess. If this jiroduces no precipitate, the fluorine is detcriiiinci 
method given in I., and the bases in the filtr.ate are sc[)aratc(l hom ^ 
exce.s.s of lime, and from the sod.'i, by tlie m(;thods given in 
Hut if the carbonate of soda produc(;s a jmecipitate, the mixture 
to boiling, tlien filtered, and the fluorine determined in tlu; * |p, 

method given in I. ; the base is in the residue, which must, ’ 
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cl to make sure that it contains no fluorine. Neutral solutions are 
^^1 with a sufheieut (quantity of chloride of calcium, and the mixture 
to boiling, in a platinum dish or, but less appropriately, in a por- 
^ T dish* the prccapibitc of fluoride of calcium is allowed to su])side, 

‘l,iv’wiwhea with hot wat<_.r l)y deciiiitatlon, tra.islhrrc.l to tho iiltor. 

■ I and weialiod. d’lii) basis in tho liltrate are then separated 

excess or the «dt .d- lin,e by the nsnal methods. That t!.e liases 
jinv be determined also in separate portions by the methods given m b, 
^iK'cdliardly be sbited. 


h, Timltihk Fluorides. 
a Aiihifdi'oiis insoluhJe. Fluorides. 

The finely pulverized and accurately weighed substance is heated lor 
pome time with pure concentrated sulphuric acid, and finally ignited until 
ik‘ free sulphuric acid is completely exiielled. The residuary sulphate is 
ivei'died, aiul the inotal contained in it calculated. The dillercnce betw»>mi 
the^eiilculated weight of the melal and that of the original fluoride .shows 
the amount of fluorine originally present in the analysed compound. In 
eases where we have to deal with a melal whose sulphate gives oil jiart ol 
!thc sulphuric acid upon ignition, or where the residue contains several 
iimtals, it is iiecessary to subject the residue to aualy si. s before this caU 
iiili'ition can ho made. 


jl Ihjdmted insol uhle Fluorides. 

A sample of the compound under examination is heated in a tube. 
ua. The Water expelled does not redden Litmus Paper. 

In this case the amount of water iireseiit is ascortaiued by igniting the 
kilrated compound, ami the lliioriiio ami mcml arc .siibscuuoutly deter- 
iiihmd as dirocteil in IT., a. 
hh. The Water expelled has au aeid reaefiau. ^ 

d'he lluoride under examination is, in tin' lir.st ])laco, treated with su - 
pkiric acid as directed in 11., h, «, to determine the metal on the one hand, 
mi'xl the water + fluorine on the othi'r. Another weiglied ])orlion is then 
I'lixod, in a small retort, w'ith about fl parts ol recently ignited oxide oi 
I'-ad; the mixture is covered with a layer of oxide of lead, the reUui. 
'vdghod, and the water expell«Hl by the application of lieat, uunvased 
gnidually to redness. No hydrofluoric aeid eseapies in this ])roeess. Llm 
of the expelled water is inferred from the los.s. Ihe lir.st o[)eiatioii 
kiviiig given us the Avater +• fluorine, and the second, the water alone, t m 
! difiiirenco is conscipicntly the fluorine. 

I 111 tlio fifth soet-ion avc .sliall have oeeasion to speak of another inethoi ul 
1 'kltirmining fluorine (in the chapter on the separation of iluorine from 
silicic acid). 

Fourth Division of the. First Group of the Aeids. 


Cauronio Acid — Silicic Acid. 


§ m. 

1. Caubonic Acid. 

I. Detei'mination. 

In a mixture of Gases. 

thoroughly drying the gases with a ball of cblorido of caleiuin. 
them accurately, in a graduated tube over mercury, insert a 
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moistened ball of hydrate of ])otassa, cast on a platinum wire in ;i 
hullet-monld, and leave this in the tube for 24 hours, or until tlie vohni,, 
ol‘ tlic gas ceases to show further diminution ; withdraw tlie ball, aiit] 
measure the gas remaining, re-insert the same or a fresh moisteiu'd liaiiy.; 
potassix and repeat till no further absorjd.ion takes iila(‘e. The carlionif 
acid gas is inferred from the ditference, provided the gasc'ous inixtiiri! cmi. 
Uiiiied no other gas liable to absorption by })otassa (eom})are §§ 12 Kl). 

If the amount of carbonic acid is very small, tliis process (Ices not yid,] 
sufTici^Kly accurate results. In such cases one ot“ tlie nietliotb ncoin. 
mended for the estimation of carbonic acid in atmospheric air ^sco § 2'j) 
should be employed. 

b. Ill Aqueous SolutioiL 

a . Wrm Cjilokide of Barium or Chloride of Calcium and 
Ammonia. 


Mix solution of chloride of barium or chloride of calcium* with solution 
of ammonia in (‘xcess, boil the mixture a short time — Avherchy u pro 
cipiuite of carbonate of liarybi or lime usually .separate.s — allow to 
and filter rapidly while still hot, protecting from the action of tlio aims 
much as possible. Have ready several tiasks of about dOO c. c. capadly, 
provided with tight-htting corks, and pour into each about oO toHOc. c. 
of the filtrate. Tin* method to lx; adopted for adding, without loss of gas, 
definite qnantitie.s of solution of carbonic acid to the filtrate in thr; flasks, 
(hpends ujxm circumsUmces. If the carbonic acid water is contained in a 
stone l)ottle, or flowing from a Jiipe, weigli the flasks, with the aimiioniaciil 
solution in them, separately, together with the india-rubber cork; then let 
the water run into eacli flask, with proper care, until nearly fiillf cork 
instantly, and weigh again ; this will give the exact (piantity of water con- 
tained in each flask. ( fr, measure accurately in the first instance the aO to 
<S0 c, e. of the ammoniacal solution that you ])Ut into tlie flask, then adJ 
the water, in the way just stated, mark with a diamond, or liy Rieansot i 
.small j>a})er slij> j>asted on tlie outside of the flask the lieight to wliidi 
roaches; measure afterwards the eont(!nts of tin; flask up to the mark, am 
deduct the oO-HO c. e., when the differeuco will show the epiaiitity o 
carbonic acid water a<lded. 

If, f)u tlie otlier liand, the w^ater may l)e got into a .so-called pluiig'ilT 
syphon (or a large pipette) by immersing the siime in tlie spiring, pe t 
the water enters from Ixdow, it will be tbuud more convenient to eMiiO' 
the volume witli its aid. The plunging syjdion used must have a ‘ 
little below tlio up[x*r orifice; the exact volume which it 
may be determined either Ixsforo or aller the operation, by "iPy 

water 11 ]) to tlic mark, and measuring in a graduated glass. 
plunging 8yj)hon is quite iiill, litl it out of the spring, wi])e the 
rlry, with projxm exj)edition ; let some water flow out, until ^ 

reach just up to the mark ; then em])ty into one (if the flasks prcp‘i 
(lireeted, and cork instantly. Proceed in the same way with tie o 

* 4'he former is preferable in cases whore the after process is to be con 
according to au; the latter in cases where fj/i is to be resorted to. nsferrel ^ 

t If the carbonic acid water is in a stone bottle, it should always ^ 
the flask by means of a syphon, after being cooled first to about 4". B yc ^aV 
poured in direct from the bottle, some carbonic acid gas might also find i 
the flask, together with the water. 
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flasks. The ammonlacal solution in the flasks generiilly turns turbid as 
goon as the carbonic acid water is poured in ; but it is only after being 
luaintained at 100° for to 2 hours that the wliole of the car])onic acid 
separates in the form of carbonate of b.'iryt;i or lime.* The ilasks (con- 
sequently are placed in an iron pot filled with water which is kept boiling. 
As soon a.s all the carbonic acid has separated, allow the precipitate to 
subside, with exclusion of air, and then proceed by one of the following 
methods. The contents of the iLisk should not be brought into active 
ebullition, otherwise the chloride of ammonium decomposes some of the 
alkaline earthy carbonate, carbonate of ammonia escaix's and the estima- 
tion is injured. Ou tlie other hand, sim|)ly standing the flasks on [i wat(jr 
halh (whereby the temperature ol‘ the fluid does not rise above 87°) for 1 1. 
ti.) 2 hours is not always sufficient to decompose the whole of the carbamate 
ofamiiionia. 


(Ki. GravimetrimUfj. 

Decant the supernaUmt fluid rapddly bn to a filter, secluded as miKdi as 
possible from access of air; fill tlm flask with warm water, and insert the 
cork; shake, let the solid particles doi)osit, decant again, and rejqeat this 
washing by decantation once more; transfer the precipitate now to tlie 
filter, wash until the last washings remain clear n])on addition of solut ion 
of nitrate of silver, dry, ignite gently, and weigli (§ 101, 2, a). The 
amount of the carbonic aciil may now bo calculated iVorn tlie weiglit of the 
carbonate of baryta, provided the analysed solution contained, besides 
caihoiiic acid, no otluir substance liable to be precipitated by ammonia and 
clilorideof barium. But sboidd the latter be the (‘use, and the jirecipitated 
carbonate of baryta contain an admixture of carbonate of lime, phospliate 
of liaryta, sesquioxide of iron, or otlier such sub.stances, the tuirboriic acid 
imist bo determined in tin; gently ignitc'd, but not weighed jorecipitatcq 
{iccorrling to one of the methods given in II. ; for instance, as directed in II., 
c (fusion with bora.x glass). Tlni filter, freed as completely as ])OssiV)le 
hoiii adhering matter, should be incinerated, and the ashes added to the 
IWicipitate. If the (piaiitity of the precijdtate is very large, it is best first 
to weigh the whole of it, and thou to determine the carbonic acid in a 
portion of the uniformly mixed powder. 

1 the last particles of the precijiitate cannot be removed from ibe flask 
’y lucchanical means, they are dissolved in a little dilute hydrochloric acid 
glass having previously lu’cn thoroughly washed), the solution is ])rc- 
^d'ltcitod with carlionate of soda, and the trifling precijiitato formed filtered 
a separate small filter, which is incinerated with the larger one. 


VolumeArieaUi/. 

Uer ;is in aa\ there is no necessity, liowevor, to collect the avLoIc of 
th the filter, as tlie bust juirticles adhering to the inside of 

COM’ washed by decantation. The washing must be 

PiVlb^ the wa.shings remain perfectly ch'ar with silver solution. 
'vli‘ 1 with the filter containing the precij)itatc on the fh'isk in 

1 Potation has been effected, pierce the point of the filti'r, and 

F^ccipifiito into the flask, with the aid of a washing bottle. 

7) spread the filter out on i\ glass })lale and rinse the still adhering 

reaction ia explained, as ia well known, upon the assumption 
me acid and ammonia, cumin;; ia contact, form at first carbamate of ammo- 
“^MNH,C0.)=NH,^O.|p^ 
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particles of the procii)ltatc also into the flask — this can bo done wltli oa^f 
iSinco the precipitate, though perfectly washed, still retains small (juaiuitif, 
of ammonia, in order to exped tlie winie, heat tin; contents of the Ha;;]; 
gentle boiling for half an hour. Add now a little tincture of litmus, an,! 
then, from a Moiiu’s burette, normal (or, according to cinuiii- 
stances, decinormal) nitric or hydrochloric acid, until the Iluid dii)\\s 
a distinct red color ; cx])el the carbonic acid by heat, and then add stiiiiilanl 
solution of soda until the fluid just appears blue. After iiotim;; ih,; 
number^of c. c. of the acid aiul soda, add again about 1 c. c. of‘ arid, ami, 
after heating to boiling, solution of soda until the Iluid again just aipcam 
blue. This ojieration may be rejicated several times. By snhtraetiiiii' iln; 
volume of acid corrcs])on<ling to the volume, of solution of soda used in iho 
]tr()ccss from tin; entire volume of acid added in each ex])eriineut, ynn 
find the (piantitv of acid which has served to ('xpel from the carhoiuiti! 
of lime or baryta the carbonii; acid, and is accordingly eipnvahmt to llm 
latter. Tor the details of this mcihod, see § 2‘2.‘h As the coloriiu^^ miLtlrr 
of the litmus is sometimes thrown down, along with silicic, acid scparaiiinf 
from tlic precipitate, it is occasionally found necessary to add iigdii snimi 
tincture of litmus. If this should fail to lea<l to the desired result, solution 
of sod;i is adiled until the reaction is almost complete ; the height of llm 
soda solution left in tin; bun;tte is then read off, the fluiil diluted to a 
certain definite volume, and filtered; one-hall' the volume tidmii of tlio clear 
filtrate and solution of soda very cautiously added until the Iluid ajpcais 
blue ; the (piantity of soda solution re<iuin;d to effect this jmrpo.sc is then 
doubled, and the result added to the (puantity first used. Asa matter ut 
(;ourse, turmeric j)aper may bo used here as in y, instead of litmus, to tlcter- 
miiie the coMUU(;neemcnt of the alkaline reaction. 

These methods given under a, only yield good results wlien tlie nimieroiis 
sources of error are avoided with the greatest care. Usually the romilt^ 
obtained are too high, because the clear mixt.ure of' chloride of calcimii iiii'l 
ammonia contains carbamate of jimmouia, eitlicr from this suhstaucc not 
luiving b(*(;n fully decomposed bef'on; filtering or from carl)o)iic acid hciig 
taken np from the air on filtering, and in hh^ mon; ])urticularly, a inlsh 
increased result will be obtained, if it is neglected to remove flu; aiimu’i'h 
adhering to the precipitate ])y long boiling or ignition. These clrcumstuiccs 
which tend to raise tlie result are partially com^iensiitcd by the fact that the 
alkaline earthy earhonates are not absolutely insolnlde in the fluid coiilain' 
ing chloride of ammonium and in the wasli-water. Again, as 
remarked, if the mixture of the carbonie acid water Avitb cliloridcol calchmi 
or chloridi; of barium and ammonia be not heated as directed the 
Avill fall too low, citlierthrongli the imperfect docomjiositioii of the carhainat^ 

of ammonia by insnflicieiit heating or throngli loss of carbonate of anuuom^t 

by active ebullition. 

With IIyurate of Lime. 

Into a lla.sk, holding about .300 c. r. and provided witli a good 
rubber cork, put 2 tp .3 grin, hydrate of* lime perfectly I'ree I'rom ciirl>')n-tto^ 
tare or weigh exactly, add the carbonic acid water, cork immediate y 

* This is prepared by slaking fre.shly burnt lime with water in such a 
the hydrate obtained appears dry and pulverulent. Should it contain 
(as may bo seen by putting a portion into bydrocbloric acid) it is ignitod *n ^ ^ 
of air free from carbonic acid in a tube of difficultly fusible glass placed m a 
tion furnace. 
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af the water ia niea.siire.1 with a phn.ginfr aypT.on, of eoiirse 
weigh again, h umount of water employed is siiperihuma.) 

T?™lmtsof the(hiskfors<..neti..ici..a water-bath (raising the cork 
Ileatlhoc .1 |,asteii the conversion ol the amorphous carfion.ite 

every ,7 .and ponr off the clear llni.l as completely as 

1: dlsW the precipitate, throngh a small ribbed h ter 

^f^Mriv illy ailopted possesses such advantages over that dos*bed m 
lli.nciOiily c } (luicknrss of oxociition and accniacy ol 

that 1 an e i,i„„v,onate of an alkali, it ,s well to add, 

;:lrtirhy.lrrte <d- Ume, also enongh chloride of calcium to decompose 
the alkaline carbonate. 

i y. Aftek 1‘kttkn-koi.eii.» , 

Tl!, nrincilde of this simple and expeditious I-rocess consists m 
laixing the carbonic acid water with a measured 

oxalic acid; the .lillcrcncc gives the bine precipitated by tl.c ca. borne , 
and consecpiently tlm amount ol tbe latter present. 

If a waLr clhiins only free carbonic acid, the 
in mind that the carlioiiate of lime li.rmed is at " ' ■ j 

aniorplioua, very perceptibly soluble 11. water, to wbicb ‘ 
alkaline roketio7. llei.ee the u„|,ree.p.tated lime "d , 7' 

c.ti.nated till the carbonate of lime has si.parutcd m he e.y st dlum lorm 
lliia kikes 8 or 10 hours if the mixture is 1.0 , warmed to o . 

It; on the contrary, a water oontains an 
alkaline salt whose acid would he prccijntatei jy line, ^ ^ This 

ol' chloride of cah'ium must lirst be a.lded 

addition, too, prevents any iiu'onveniciice aiising mm 1 _1 ^ ^ IP 

alkali i.: the lime water nr of carbonate 7;. 

Mater; this inconvenience consists in ' .77* ' of lime 

of magnesia enters into double_ decomposition ''f 7777/',^,,';;,7; 

(wliicli is never oiilircly absent Irom the Ihiii to >e ^ , J-itier 

oxalate of lime and ca.dionaU, of thii alkali or ol magnesia, which l.itto 

'vill of course ui^ain take up oxalic acid. order to 

In the presence of magnesia salts m ’ niust 

avoid the precipitation of the magnesia, a little c i oiu co . . 

be added, but in this case beat must not be app ici t vyould be 

bouate of linie to become more ipuckly crysUlbne, as ammonia ^vould 

.1. 'ri™ j“rs: 

•he relation hotween the lime water and a shim .111 s- ^ p,„.,. 

hETTENKOFER makes the latter solution by disso ving ‘('this ?s eciiiiva- 

auelHoresocd dry crystallized oxalic acid to 1 htre , . ' I'liUiiws • 

>^nt to 1 mgrm. Carbonic .acid. The lime water 7*^"' >7’ 7 
'Masiire 4f>c. c. into a little flask which can lie ^ 

‘I'ea rmi in from tlio burette the solution ot oxalic acid till the alkalmo 

• Buchner’s neuea Repert. 10, 1. 
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reaction has just vanished. During the operation the flask is closed witli 
tlio thumb and gently shaken. The end is attained as soon as a droptabn 
out with a glass rod and applied to delicate turmeric paper produces no 
brown ring. The first experiment is a rough one, the second sliould be 
exact. 

The analysis of a carbonic acid water (a spring water, for instance) i? 
performed by transferring 100 c. c. to a dry flask, adding 3 c. c. ufa 
neutral and nearly saturated solution of chloride of calcium and 2 c. c ol a 
saturated solution of chloride of ammonium, then 45 c. c. of the staiidari] 
lime water ; close the flask with an india-rubber cork, shake and allow tu 
stand 12 lioiirs. The fluid contents of the flask measure con.se(|uenlly 
150 c. c. From the clear fluid take out by means of a pipette two jMuiious 
of 50 c. c. each, and determine the free lime by means of oxalic acid, in 
the first portion approximately, in the second exactly. Midtijily the c. c, 
used in the last experiment by 3 and deduct the product froin the c, c. of 
oxalic acid which corres])ond to 45 c. c. of lime water. The diUcreiKo 
shows the lime precipiUited by carbonic acid, each c. c. corresponds to 
1 mgrm. carbonic acid. 

The method is convenient and good ; it is espccitdly to be reconnnended 
for dilute carbonic acid water. In water containing much carhonie acid it 
is well to replace the lime- by barytii water ; compare the deteriniiialicn of 
carbonic acid in atmospheric air, § 275. 

II. Separation of Carhomc Acid from the Bases ^ and its 
Estimation in Carbonates. 

a. Separation from Neutral Carbonates of Alkalies and the Alhdmt 
Earths, 

If the stdts contain unfjuestionably 1 ccf. carbonic ac id to 1 c([. hasc, 
and thcere is no other 8<dt witli alkaline reaction j)resent, we may (letcriuino 
the quantity of thcba.se by the alkalimetric method (§§ 211), 220, 2-t>]) 
and calculate for each 1 ecj. base I eq. cxirbonic acid. 

h. Separatum from Bases trhirk vpon Ignition readilg and covphid] 
yield the Carbonic Acid icith ichich they are combined. 

Such are, for insUmcc, the ciubonutes of zinc, cadmium, lead, ccdd’^^h 
magnesia, dc. 

a. Anhydrous Carbonates. 

Ignite the weighed subsUince, in a platinum crucible (carhonaleY'^ 
cadmium and lead in a porcelain crucil)le), until the wedght of the rcsiuae 
remains consUiut. The results are, of course, very accurate. Sultstimos 
liable to ab.sorb oxygen upon ignition in the air are ignited in a h>dh-0‘ 'b 
through which a stream of dry carbonic acid gas is conducted. 1 
carbonic acid is inferred from the lo.ss. 

/3. Hydrated Carbonates, . ^ 

The substance is ignited in a bulb-tube through which dried 
in ])resence of oxidizal)le substances, carbonic acid is transiintUa , j 
which is connected with a chloride of calcium tube, by means of 
clo.se-fitting cork. During the ignition, the posterior end of the hnl 
is, by means of a small lamp, kept suflicicmtly hot to 
donwition of water in it, care being taken, howev(T, to guard 
burning the cork. The loss of weight of the tube gives the 
Water + the carbonic acid ; tho increase of weight gained by tlio c i 
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of calcium tube gives the amount of the water, and the flifference accor- 
dingly that of the carbonic acid. A somewhat wide glass tu})e may also 
be put ill the place of tlie bulb-tube, and the substance introduced into 
it ill a little boat, which is weiglied before and after the operation. 


c. Separation froin all Boms, rnthout exceptionj in Avh/dronH Carhonafes. 
Fuse vitrified borax in a weighed iilatinum crucible, allow to cool hi 
the desiccator, weigh, then transfer the well-dried substance to the crucible 
and weigh again. T^he weights ot both carbonate and borax are thus 
ascertained. They should be in about the proportion of 1:4. Heat is 
tlinri applied, which is gi-adually increased to redness, and maintained at 
this temperature until the contents of the crucible are in a state of calm 
fusion, ^'lie crucible is now allowed to cool, and weighed. The loss of 
weight is carbonic acid. The results arc very accurate (SriiAFFOoTscu). 

I must add that borax-glass may be kept in a shite of fusion at a red 
heat for | to an hour without the occurrence of any volatilization, but 
that at u white heat (by igniting over the gas-bellows), even in a few 
niinutes, it suffers a decided Joss.* A few bulibles of carbonic acid 
reinaimng m the fusing mass arc witliout any influciice on the result. 


d. S(parat ion from all Bases without excepdou. 

{Estimation of the Arid from the loss ofwchjht.) 

Carhouates xchose Bases form Soluble Salts xvith Sulphuric Add, 

1 le process is conducbul in the apparatus illustrated by fig. (3i). 
ihc size of the flasks depends upon the 
capacity of the balance which the operator 
lH»ss(‘sses.^ The tulio a is closed at b by 
means of a small wax stopjier;! the other 
tad of the tube a is opiui, as arc also both 
ciKs of c and d. The flask B is nearly lialf 
Iiw Witli cpnceiitratoa siili)imrio iu'iil; tlio 
must Ht air-tight in tlu! ])orti>rations of 
und the latter equally so in the 
of the tla.Hks. ThJ weighed m.h- 
•aii™ IS put into A ■ this llask is tl.en fille.1 
< |<Jiit oue-tlurd with water, the cork pro- 
E hilm apparatus tared on 

A few bubbles of air arc now sucked out 
Tliiu a small india-rubber tube. 

t'unp ^ ‘‘"'1 

tlie n i acid in B to ascend in 

tiiiu; hitter is watched for some 

skitinii'!!. whether the column of sulplmric acid in it remains 

^vhicliisuv,ro.)rt,bnf. fhn .i.uw a:, n. 



Fig. G9. 


‘‘'I'ltioiiar 1 ' 1 • — v/wiidjiii lu suipiniric acui jh ii rtaiiaius 
‘‘o'dii .sill- that tlic apparatus is air-tight. Air is then 
int^ which causes a portion of the sulphuric acid to flow 

‘'^ilpliuri ^ . '• 1 carbonate in the latter fla.sk is deeomposeil by the 
bi'j.s.'rry o the lilierated carbonic acitl, completely dried in its 

Wiieiuj concentrated sulplmric acid in B, osca])es through d. 

^ yvoiiitioii of tlio gas slackens a fresh jiortion of suljduuic acid 


9rwith a n • * ZeitRchrift f. analyt. Chein. 1, 65. 

other en.l of india-rubber tube, drawn over it, and having inserted in 

a snort piece of glass rod. 
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is iriado to pass over into A , by ronowod suction tliroii^li d ; and tlio saino 
operation is repeated until the whoU? ol the carbonate is dec()m])osoil. \ 
more vigorous suction is now a])pliod, to make a huger .miouni oi snl- 
jdiuric acid pass over into A, wliereby the ('ontcnts ol tliat flask an' (‘on^. 
derably heated; when the evolution of gas bubl)les lias completely nnscl, 
the wax stopper on n is opent'd, or the glass rod i ('moved fiom iIk^ liidin. 
rubber ca]), and suction ay>plied to d, until the an sucked out l.ist s no 
longer of carbonic acid.* 

Alter about 3 hours, the a]>paratus is replaced ^ u])on the balaii.e. 
the erpiilihrium restored by additional wt'igdits. TIhj sum of the ^v(■i-llts 
so add(Hl indicates the ainount of carbonic acid originally present in ilie 


substance. . . i 

If the flasks A and 7^ are s('l('ctcd ot small size', the a](paratns ni;iv le 
so constructed that, toiri'ther with the conti'iits, it need not veiL'li nk)\r 

seventy gramnms, adniiltiiig thus ()f being weiglu.'d on a d.'licat.' lialaiir... 

The results obtaimnl by the use of this api.aratus, first .suggested l.v b itt 
and myself, are very accurate, ])rovided the (piantity ol tie; carlieiin: 
acid be not too trilling. Manifold modifications of the a].paratns liavo 
lieen jiropo.sed, principally in order to make it lighter. C’omi.are tlu.' neto 
1), 300. 

if .sulphites or sulphide's are ]>rcsent, togmtlu'r with the (’arhoiiates, Ihcir 
injurious influence is best ohviated by adding to th(3 carbonate so iitnm 0 
yellow cliromat (9 of jiolassji in nior(9 tiian snflicient (piantity to (tint l'<ir 
oxidation. If chlorides are lu'esent, in order to prcjyeiit the ('volutioii ot 
liydrochloric acid, add to tin' evolution fla.sk a suilii'K'iit (piaiitily ol siil- 
i)iiate of silver in .solution, or connect the exit tube d with a small imp.mi 
r-tul)e, which is, of cour-s(', first tared witli the a])i>aratiis, and alterwar.ls 
weigluid with it. This r-tube is preiiansl— in accordance with flic iKilt) 
pia^po.sd of Stoliia— by filling with fi-agments of i)nmice wliicli ^ 
boiled with an excess of concentrated solution of sulphate ol ‘^‘‘Tl’^'j' 
the air has be(;n expelUtd, and then dri(;d and heated to corni) ele u ' 
dration of the copjrer sidt. If the I -tube is only 3 cm. nu ' 
an internal diaimiter of 1 cm., it answ'ers the jturpose veiy 
end iKJt eonn(;ct<'d with d is provided with a jx'rfoi-ated cork ani 
glass tube. We a])iily suction to this Ijy means <d a flexible tu )C, n> 
of to d. 


If). Cai hoJtafes ivhoi^e s f<nin inaalidde S<dt^ irdh SidpJnn 

The analysis of such carbonates cannot well be effecta'd h\ t a 
aa, as the imsoluble sulidiate formed (sulphate of him', Inr 
j)artially jirotccts the yet undecomjrosed portion of the ^ r,, 

decomposition. The apparatus is therefore modified as .shown m ig 
Tlie alti'ration con.sists simply in th(i tube (/, which contains ^ 
and is drawm out to a fine point at the lower end. . 

The proee.ss is conducted as follows: The weighed substance i 
A, together with water. The bulb-tube a contains an 
nitric acid, more than suflicit'ut for the decomposition of ^ this 
and which is prevented from flowing through the narrow t ,i<)t 

tube by the little wax stopper h,1[ The point of this th»^ 

first di]) into the water in A, The ajiparatus having been 


* In accurate experimentH, it ia advisable to connect tbo end b o 
chloride of calcium tuf*o during the process of suction. - 

t Or india-rubber cap, with glass rod, See note, p. 


with * 
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tliG tube a Is carefally and cautiously moved down, until its point 
irtirly touches the bottom ot‘yl. The wax stopper b is then momentarily 
■uised, or tlie glass rod re- 

|b 

may also be given to the ap- 

jiaratiis; that, tor instance, Fig- ”0. 

tlietiik' 6'may be connected, 

instead of with /i, with a chloride of calcium tube, or witl) a tube filled 
with pumice stone or asl)es- 
tos moistened with snl]>huric 
acid; also, that the snhstanee » jS 

D> be analysed may be juit 

HI 1| are jndieions, liavc very little Fig. 71. 

i 1 I intluence on the aecu- 

\ W 11 racy of the residts. Fig. 7 1 shows an ajiparatus 

I [ J mtulified in this manner, by Fin Moiiu. 

J ^ BUL W uj)j)aratns proposed by Chu.SvSLKK* is one ol 

convenient (see fig. 72). 

/f H The apparatiKs consists of two parts, v1 7^and(.\ 

m A ill ’Ilk into the neck <d' A (u), so as to closii 

K 11 air-tiglit, and yet admit of being readily reimwed, 

11 , HP) for the purpose of filling and ennUying A. b c is 

WHM|||||[|V a glass tube, open at botli ends, and ground 

water-tight into C, at the lower end (c) ; it is 
hept in the proper position by means of an easily 
Fig. 72. movable cork, i. Tlie illustration sliows the 

* Journ. f. prakt. Cheni, 60, 85. 



300 


DETERMINATION. 


[§ 139 . 


construction of the apparatus in other respects. Tlie cork e wm !>, 
air-tight, as must the tube d in the cork. 'Ihe weighed substance i, 
put into water added to the extent indicated in the engniving, aiuliliii 
substance shaken towards the side of the flask. C is now tilled luarlv 
to the top with dilute nitric acid, with the aid of a pi])ette, after liavinj 
previously turned tlie cork i upwards, without raising h ; tlu! cank is 
then again twisted down again, and C inserted into A , Vi is filled simie- 
what more than lialf with concentrated sulphuric acid, and b closed at the 
top with a little wax stopper, or a piece of india-rubber tube, with a small 
glass rod inserted in it. Aller tiiring the ai)paratus, the di'ceuipositieii is 
efTected by raising b a little, and thus causing acid to pass from C into d. 
The carbonic acid escapes through It into the sulphuric acid, where it is 
dried; it then leaves the apparatus through d. After the dccoiiiiH.sitioii 
has been effected, A is cautiously heated to inci])i<ait boiling, the sto|)[)iiuii 
h opened, and the carbonic acid still remaining in the appamtus sm-kol oiit 
through d, by means of a small india~rul)ber tube. ihe ii[)p;iratii!S is 
finally weighed when cold.* 

If' you prefer to decompose the carl)onate witli hydrochloric acid, dry 
tlie escaping gas with the pumice-stone satur;it(‘d with anhydrous Milpluio 
of copper (see an) which also retains hydrochloric acid as well as the 
moisture (STOMiAf). It is well to fill a light U-tube with this iiiatcrm. 
The size of the U-tube should depend on the size of the appauilus. It 
can be used as long as a third of its contents remains uncolori'd. 

e. From all Fases without exception ( Fstimation of the Acid from ik 
increase of wevjht of an Absorption Apparatus.) ill 

This proces.s, which was' formerly but seldom enii)loycd, has latdy beoi 
much recommended by Koi.iuc.J 1 have done my best making in ^ 
all that has been done during the lijst few ycairs by U. 
and Koluk — to juit this ja-ocess into the most practical form posM 
1 am convinced tliat the metluxl will soon find manifold apjilication >} loi. 
of its simplicity and exactness. ^ 

The arrangement of the ap[)aratus I employ will be seen fnnn ig'n ' 

a is the evolution flask (dOU c. c.) closed with a doubly -pel lomb ' ii> 
rubber cork, bb is a tube twice bent and expanded at c to a small bu _ 

be connected by means of an india-rubber tube as required either 
little funnel d or with the tube c, which is filled with sodadime . 

of potas.sa. The U-tube / is filled, as regjirds the bulbed ^ 

of fused chloride of calcium ; as regards the other limb, with 
j)uniice siiturated with anhydrous sulphate of 
U-tube// contains pieces of glass, (I — 10 drops of concentrated su p 
and two little asbestos stoiipers, the tube h is J filled with a 
grm. coarsely granulated soda-lime, and towards the ouUu' ciu 
maining | is filled with coarsely granulated chloride of calcium, 
in the outward limb soda-lime, in the inner, chloride of calcium. J 



^ ua—uourii. i. pran-v. 

(Chem. Gaz. 1865, 201); A. Mayer (Journ. f. prakt. Choin. 67, 

(Joum. f. prakt. Chem. 71, 158) ; Al. Bauer (private commumcation; , • ^ 

Gaz. 1859, 174); C. 1). Braun (Dingler’a polyt. Journ. 15 j, 

(Chem. NewH, 1862, 143), and others. , 119, 130* 

t Bingler’s pol. Journ. 164, 128 X Annal. d. Chem. u. lhar 
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to frefi escaping carbonic acid from moisture and liydrochloric acid, g 
enables the operator to see the rate of the evolution of gas, /t, by its soda- 



Fig. 73. 


lime, takes up the carbonic acid completely, and by its chloride of calcium 
prevents any evaporation of water from the former (the soda-lime gets 
warm on absorbing tlje carbonic acid), k serves to protect the tube h (wliich 
has to be weighed) from any moisture, &c., which might jienetrato from 
outside. Tlio corks of g, h and k must be covered with sealing-wax.* 
The whole absorption apparatus is, as will be seen, that given liy 
Mt:LT)EK,t which is here esjiecially suitable, as tlie carbonic acid is mixed 
with much air, and the evolution is at times somewhat rapid. 

After the weighed substance has been transferred to «, and a little water 
hfis been added to it, weigh h and g together, and connect the several jiarts 
of the ajiparatus — a stands on a wire gauze, placed on a tripod, e is 
listened to a sujiport, the U tubes arc suspended in a suitable manner — 
join J to d, and pour into d a small portion of mercury, just enough to 
olose tlie tube at i. Now pour into d common hydrochloric or nitric aciil 
(previously diluted with an equal bulk of water), and by gentle suction 
diroiigli an india-rubber tulio at I cause a small quantity of acid to How 
into the flask b. The evolution of airbonic acid commences immediately; 
if^ rate may be seen from g; if neces.sary, a gentle heat may be ap)plied. 
>11011 the evolution begins to abate, introduce more acid into tlic flask in 
bie same manner as before. As soon as the carbonate is perfectly decom- 
posed, fill (J several times with hot water, cjinsing it to flow into </. This 
IS none in order to wash into a the small quantities of hydrochloric acid 
uch remain in c, and which possibly might have taken uj) some c.arbonic 
Joid. Now remove d and connect e with b instead, heat the contents of a 
^pntle boiling, which is to bo continued till the first bulb of / is hot, 
then by sucking at /, draw air through the apparatus to the extent of 
Hiues the volume that a contains. This suction is effected most coii- 
'eiiiently and uniformly by the use of an aspirator, which one can readily 
^iiiistruct out (flf a flask by means of a syphon. When this has been done, 
* 

inrj; ^‘''■‘^'itchouc stoppers inav be used. For small U tubes, half an inch of fleshy 
^'^•rubber tubing forms an excellent joint. 

t Zeitsolirift 11 analyt. Chem. 1, 2» 
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scpjirjite a from allow h to cool completely, remove h and and Wfl ], 
tliem together. The increase of weight of these is the exact oxj)r(s^i')| 
of the carbonic acid in the subsUincc. The accuracy of the results bav, 
nothing to be desired. We have the bases without any iinpuritv, anduijji 
plctely dissolved in hydrochloric or nitric acid. 

The tnb(i tj is, after use, closed at both ends, and retains its utility a ]„ii, 
time. The tube h can also be used rej)eatedly without Ixfmg ndilltui. T]' 
second tinui it is ein[)loyed connect it, for the sake of i)recautioii, with a 
separately weighed tube of the small kind. The latter rarely iiicn-a.^cs in 
weight, and the first tul)e can, therefore, be then used a tliird liim.. Jj 
aller this the second tube has l>ecome lunivier, at the fourlli o])i ration 
reject the lirst tulx*, and use the second tube alone, and so on. 

Note. — When large (piantities of carbonic acid are to be al)S()rlt(d. tb 
tube (f may 1)C replaced with advantage, by a (Ikissler’s j)olasli aiijiaratns 
(see beginning of § or — if the cvidution is regular -hy a kiKiiii.'s 

])Otash aj)paratus (§ 171, -1). 

f. S( j)(U'<tfion from all Jitirrs trillion f rjccrplit/n ( l\s(ii/i(ifioii of iJu: ,\riil 
bg Kxjnilsion^ Ah:<orpfiou^ ntid Vo! luni trir A noJ gsis). 

If the carbonic acid be disengageil in the evolution apparalii.-; nun- 
tioned in r (which 1 consider tlu; most suitable, form), or in a .slinllar (me, 
wo may, ofconr.se, detiu-inine the gas according to the methods given alovo 
for the e.stimation offtake carbonic acid; lor in.stanc(‘, we ndglit colkct il 
in a mixture of chloride of barium or ol' calcium and ammoida, piovml 
as directed I., h, a, fini.shing the analysis ac(;ording to bh. but this 
method is iiir more troublesome ami slow than that last detailed (in r), aid 
only yields usalde results if all the .sources ol' error which I have almdv 
pointed out are avoided. 

On the contrary, it is .sometimes advantageous, especially in the eslltna- 
tiou of very small (piantit ies of carbonic acid, to receive tlie same ni a 
known volume of standard lime- (»r baryta-water, ami to c<»ui]ili:li: tliv 
analysis according to Peti enkoi eu’s primdple (I., />, y). As this nutliud 
finds aj)plication in thi! analysis of air, I rtdi-r to § 'llh. 

(f. E.-itimnlion bif d/co.sume/ tlir fo/s {offer (’. Scheiiu.eu). 

d’his yirociess is ap|)lic,able in tlui cas<; of all salts wdiich an' dcecinposd 
by hydrocldoric acid in the cold. It is di.stinguished I’or rapid and o'livi- 
nient exi'cution and very satisfactory results, but it re(|uires a si)eci:il ap- 
])aratus. It is employed to determine the carbonate ol’ lime in hoiie-earb 
(s(jc § 27b). 

§ MO. 

2. Silicic Acid. 

T. Detenrunation. 

The direct estimation of silicic 
verting tlie solulilo modification of 
tion, by evajiorating and completely drying ; the insoluble modificatjou 
then, after removal of all fneign matter, igniU'd and wciglicd. ^ j 

For the giiidanco of the student 1 would olisi rve here that, - ^ 
against misUikcH, he should always text the piiriftj of the irerjhrd .sde a '' 
The iiHitliods of testing will 1)0 found Ik'Iovv, . 

11 you have free silijcig acid in tlie state of hydrate, in an 


acid is invariably elfei'U'd 

the acid into the insoluble ho 
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nciil solution free from other fixed bodies, simply evaporate the solution in 
a pkitiuum dislj, ignite and weigh tlic residue. 

II. Siipciration of Silicic Acid from the Bases. 

a. III all Compounds vdiich are decomposed bp Jfpdrochloric or Nitric 
Acid^ on dujestioti in open ressels. 

To this class belong the silicates solubh; in Avater, as well as many of the. 
insoluble silicates, as, tijr instance, nearly all zeolites. 

The compound under examination is very finely pulverized, the jiowilor 
(Iricdat 1110^ (not above), and put into a ])latinum or porcelain dish (in 
I the case of silicates whose solution mi.uht be attended with disengageniciit 
! of clilorine, platinum cannot be used) ; a little Avater is then added, and 
tlic powder mixed to a unilorm ])asti'. Modiuaitely concentrated hvdro- 
(iiloric acid, or — if the sub.stanc.e contains lead or silver — -nitric acid, is 
now add(‘d, ami the mixture <ligest(!d at a very gentle heat, Avith con.stant 
slirriiij?, niitil the substance is comjdetely dcconi])o.scd, in other terms unlil 
the glass rod, whi(di is roumhMl ,at the end, encounters no more gritiy 
powder, and the stirring proceeds smoothly without the least grating. 

The silicates of this class do not all comjrort themselves in the same 
maimer in this process, but show some ilifibrenc(‘S ; thus most of them 
iiirni a bulky gelatinous mass, Avhilst in the case of others the silicic 
acid separates as a light pulverubmt ])reci])itate ; again, many of them 
are decomposed readily and rajddly, Avhilst others recpiire ])rotracted 
(ligei^tfion. 

When the decomposition is (dli'cted, the mixture is evaporati'd to dry- 
ness on the Avater-bath, and the residu(‘ hcatecl, with l're(jiunit stirring, 
until all the small luinjis have crumbled to pieces, and tin' whob^ nmss is 
thoroughly dry, and until no more :icid I’uim's ('sc;ip('. It is always the 
way to conduct the operation of drying on the Avater-bath. Ocea- 
sionally it is av(' 11 to moisten the dry mass with Avater and ova]M)rati'. tigaiii. 
In cases where it appears <h'siral)le to aceelerate the desiecaTiou by tbe ap- 
plication (it a stronger heat, tin air-l)alh may bt' had recourse to ; which 
mat he (’onstructed in :i .simjih' Avay, hv snsju'inling tin' dish containing the 
^ah.stiincc, with the aid of wire, in a somewhat larger dish of silver or inni, 
^'1 a iiianncr to leave everywhere l)etW('cn the two dishes a small sjiaco of 
tnilonn width. Direct In-ating over the lamp is not advisable, as in tlie 
.strongly heatud parts the silicic acid is li.abh' to unite again wiih tin*, 
^d'‘|i‘itcd liases to comiurnnds Avhich are not decomposed, or only imner- 
hy hydrochloric acid. 

blicii the mass is eold, it is brought to a slate of semi-lhiiditv by 
^ >('i()iig},ly liydroehioric acid ; alb'r Avhiv'h it is alhiwod 

‘‘’find for }jj^p hour, then Avarmed on a Avater-bath, diluU'd with hot 
|v<itcr, stirred, .'illoAvn^d to deposit, and the fluid decanted on to a fdtor; the 
iiary silicic acid is again stirred Avith InW. water, and the fluid once 
(loc;(iited ; after a third re])etition of the same ojieration. the jwcei- 
transfernHl to the filter, thoronglily Avasln'd Avitli hot Avatcr, 
ill 1 ignited at last as strongly as j)o.s.sihle, as diri'ctcd in § .V2 or 

'Iv '^f residue, sec § Ho, H. Hdie results arc 

by t^^' bases, which are in the liltrat(‘ as chlorides, are determiiu'd 

l'^ given above. Deviations from the instructions here given 

tlior^i loss of sul), stance; thus, I’or instance, if the mass is not 

tliu ^ 1 ■ ineonsi(leral)lo portion of the siliciit acid passes into 

utioHj whereas, if the histruetlous arc strictly com[)lied Avith, only 
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traces of the acid are dissolved ; in accurate analyses, however, oven siuij 
minute traces must not be neglected, but should be separated irom itf. 
bases precipitated from the solution. This separation may be readilv 
effected by dissolving them, after ignition and weighing, in hydrodiloric 
or sulphuric acid, by long digestion in the he<it ; the minute })ortion oi 
silicic acid is left undissolved. Again, if the silicic acid is not fhon)ihj]ij)i 
dried previous to ignition, the acpioous vapor disengaged upon tlio rapid 
application of a strong heat may curry away particles ol the light and loose 
silica. 

The punti/ of the silicic acid* may be conveniently tested in the fol- 
lowing manner : — Heat a moderately concentrated solution ol' ])ure carbo- 
nate of soda to boiling, in a silver or platinum dish, or in a porcelain disli, 
and add a small (juantity of the silicic acid. If it dissolves coiiiplcnlv, 
this is a proof of its purity ; but if it leaves a residue, the reniaindi'r of 
the silicic acid must be weighed, and the amount of impurity (hdcrininod 
as directed in and the result, of course, calculated to tlie whole anioimt 
of the silica. 

If you have pure hydrofluoric acid, you may also tost the p)urity of tlie 
silicic acid in a very easy manner, by treating it with this acid and some 
sulphuric acid in a platinum dish ; upon the evajioration of the solution, 
the silicic acid, if purey will volatilize completely (as fluoride of silicon). 
If a residue remains, moisten this once more with hydrolluoric. acid, add a 
few dro|)s of .sidphuric acid, evaporate, and ignite* ; the residue consists oi 
the sulphates of the bjises which were mi.\ed with the silicic acid, as well 
us any titanic acid tliat was present (Beuzelius). 


b. Compounds which are not decomposed bij llt/droddoric Acid or 
Nitric Acidy on digestion in open vessels. 

a. Decomposition by Fusion with Alkaline Carbonate. 

Reduce the substance to an impalpaldc powder, by trituration and 
sifting (§ 25) ; transfer to a platinum crucible, and mix with about 4 times 
the weight of pure anbydrous carbonate of soda or carbonate ol soda aiu 
potassii, with the aid of a rounded glass rod ; wipe the rod against a smal 
portion of carbonate of soda on a card, and transfer this also from the card 
to the crucible. Cover tlie latter well, and beat, according to size, ovm'a 
gas- or spirit-lamp with double draught, or a blast gas-lamp ; or insert m a 
Hessian crucible, compactly filled up with calcined magnesia, and heat ina 
charcoal fire. . . ^ 

Apjdy at first a moderate heat for some time to make the ma.ss simp} 
agglutinate ; the carbonic acid will, in that case, escape from the poimis 
mass with case and unattended with spirting. Increase the heat a c 
wards, finally to a very high degree, and terminate the operation on) 
when the mass appears in a state of calm fusion, and gives no more 
bubbles. ^ 

The platinum crucible in which the fusion is conducted must not i 
small ; in fact, tlie mixture should only half fill it. The larger the ciuoi 
the le.S8 risk of loss of substance. As it is of importance to wab; i 
progress of the operation, the lid must bo easily removable ; a pjp 
cover, simply lying on the top, is therefore preferable to an 
lid. If the process is conducted over the spirit- or simple gas-lainp, 

* Tliis testing is more especially necessary in cases where the silicic acid has P 
rated, not in the gelatinous state, but in the pulverulent form. 
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mixed carbonates of soda and potassa are preferable to carbonate of soda, 
as they fuse much more readily tlian the latter. In lieating over a lamp, 
the crucible should always be supported on a triangle of ])lat,inum wire (see 
fig. 57, p. 73), with the opening just sulficiently wide to allow the crucible 
to (lr( 3 p into it fully oifc-third, yet to rekiin it firmly, even with tlie wire 
at an intense red h(;at. When conducting the process over a .sj)irit-lamp 
with double draught, or over a simple gas-lamp, itisalsoadvisiible, towards 
tin; end of the operation, when tlie licat is to be raised to the highest 
degree, to imt a cdiimiiey over tlie crucible, witli the lower border resting 
on the cuds of tlie iron triangle which supports the platinum triangle; this 
cliiiiHicy should lie about 12 or 14 cm. high, and the ujiper ojiening mca- 
sun; about 4 cm. in diameter. 14ie little clay chimneys recommended by 
0, b. Rhdmann are still more serviceable (fig. Kl, p. IJ), “ Qual. Anal.”) 

When tlie fusion is ended, the red-hot crucible is removed with tongs, 
and [daced on a cold, tliick, eleaii, iron plate, on wliich it will rapidly cool; 
it is then generally easy to det4ich the liisial cake in one piece. 

The cake (or tlie crucilde with its conti'iits) is [iiit into a beaker, from 
10 to 15 times tlie (piantity of watm* poured over it, and hydrochloric acid 
gradually added, or, under certain circumstances, nitric acid; the beaker 
is kept covered with ii ghm ]duto, or. which is much better, with a larg(‘ 
ivatch-glass or porcelain dish, jierfcclly’ clean outside, to ])revent the Io.ss of 
the drops ol fluid which the oseapiiig carbonic acid carries along with it; 
the drops thus interce[)ted by the covit are afterwards rinsed into the beaker. 
Iho crucible is also rinsed with dilute acid, and the solution obtained 
added to the fluid in tlio beaker. 

The solution is ju'onioted liy the ajiplitailion of a gentle heat, whicli is 
(’ontiiiucd for some time after'this is effected to insure llu; conijdote oxpul- 
I'inn of the carbonic acid ; since otlierwisi! some loss of substanci' might 
•e incurred, in the suhseipiout proce.ss of evaporation, by spirting causeif 
ly the escape of tliat gas. 

ll ill the process of treating the fused mass with hydroehloric acid, a 
powtci snlisides (chloride of sodium or chlovide of potassium), this is a 
that more water is re(|uired. 

il the decomposition of the mineral has succeeded to the. full extent, tlie 
lb roch one acid .solution is either pm-lci-tly cle.ar, or light flakes of silicii; 
'v,! in it. But if H heavy powdor subsble.s, whicli feels 

* y timler the glass rod, this consists of uiidecompose<l miiu'ral. Tim 
such im])erfcct decomposition is generally to be n.^cribed to tin- 
b'lioct pulverization. ^ 

undecompo.scd portion may bo lusi'd once more with 
a IWi ‘dkali ; the better "way, liowcver, is to repeat tlie proce.ss with 

"sii portion ol mineral more finely pulverized. 

^vitl/tl nitric acid solution obtained is jioured, together 

a Dor silicic acid, wliich is usually floating in it, into 
11 better, into a platinum dish, and treated as directed in. 

I'lDch diluted, the beaker shotdd be rinsed 
it- fltt; few remaining drops of solution dried in 

re^ifti,^ I A residue thus obtained is treated in the stuuo way as tln:ii 
S evaporating basin. 

shift r *^^etliod most commonly employed to eft-ect tlie decomposition. 

II V ^^^Jecomposjible byaciils; that it cannot be used to 
^ ic alkalies in silicates is seli-evideut. 


X 



806 


determination. 


[§ uo. 


/ 3 . Decomposition hj means of Hydrofluonc Acid, 
aa. Bj! A(iueous Ilijdrofluoric. Acid. 

Tlie finely-pulverized silicate is mixed, in a platinum dish, rather 
concentrated, slightly iiiming hydrofluoric acid, the acid hcing added 
gradually, and the mixture stirred with a thick platinum wiu'. lliemix- 
ture, Avhich has the consistence of a thin paste, is digested some thno on n 
water-bath at a gentle heat, and pure concentrated suli)huri(; acid, (Hinted 
with an etpial quantity of water, is then added, drop by drop, in nuji-o tlnm 
sufficient (piantity to convert all the bases i)resent into sulphates. 'Fli.; 
mixture is now evaporated on the water-liath to dryness, during whldi 
operation fluoride of silicon gas and hy<lro(luoric acid gas are eonlimi:illv 
volatilizing; then it is finally exposed to a stronger heat at some luidit 
above the lamp, until the excess of sulphuric acid is almost comjHetcly ex- 
pelled. The mass, when cold, is thoroughly moistened with concentrated 
hydrochloric acid, and allowed to stand at rest for om; hour; water is then 
added, and a gentle heatapplied. If the decomposition has fully succeeded, 
the wliolc must dissolve to a clear fluid. If an undissolved residue is 
left, the mixture is ]ieatc<l for some time on the water-bath, then allowed 
to deposit, tlic clear su])ernatJint fluid (ha’anted as far as ])raclicalde, 
the residue dried, and then treated again with hydrofluoric acid and sul- 
pliuric acid, and, lastly, with hydrochloric acid, which will now ell.ri 
complete solution, provided the analysed substance was very finely pul- 
verized, and free from baryta, strontiafand hmd). The solution is addedtu 
the first. The bases in the solution (whi('h contains them as suliiliates, uiid 
contains also free hydrochloric acid), arc determined by the methods wliuli 
will be found in Section V. 

This method, which is certainly one of the best to effect the dccoiniio- 
.sition of silicates, has Bkrzklius for its autlior. It has hecn but liiro 
insed hitlierto, because we di<l not know how to prepare hydrofluoiuc aciit 
except with the aid of a distilling apparatus of ])latinum, or, 
a platinum head ; nor to keep it, excejit in jilatinum vessels. Ihcsc din- 
cultiescan now be considered as overcome, conq). § hS, 2. . i i i . 

The hydrofluoric acid may also be emidoyed in conibination with H}* n)' 
chloric acid; thus 1 grm. of finedy elutriated fels[*ar, mixed with 4( (-.c 
water, 7 c. c. hydrochloric acid of 2511 anddi c. e. hydrofluoiic , 

heated to near tlie boiling point, di.ssolves completely in 
4 c. c. sulphuric acid are then added, the suljihate of i)aryta whu V 

rates is filtered off, and the filtrate evaporated till no more hydrofluoiiu 

cswipes (An. Mit.scukklich*). ^ 

The execution of the method requires tlie greatest possihic ca , 
the liquid and tlic gaseous hy<lrofluoric acid l)eing most 
stances. Tlie treatment of tlie silicate with the ac.id and the p ',rhiss 
must bo conducted in the open air, otherwise the windows and a 
ajqiaratns will be attacked. As the silicic acid is in to, 

inferred from the lo.s.s, a combination with the method a is often icso 

hh. By nydrofnoric Acid Gas. 

Instead of the hydrofluoric acid di.ssolved in water, the gaseous . 
may be used to effect the decomposition of silicates. 
author of this method, which is very often emjiloyed. ^ The 
follows : — Put from 1 to 2 grm. of the silicate, very finely pti 

t Pogg. Aiinal. Ik 


Journ. f, prakt. Chem. 81| 108. 
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thn thinnest possible layer, into a shallow platinum dish, and moisten tlie 
powder with dilute sulphuric acid ; place the di.sh, supported on a leaden 
tripod or leaden riii^^, in the centre of a leaden box, whieli may have a dia- 
meter of G inches and a height of 0 inches, and on the bottom of whicli you 
have just before made a layer of about half an inch of powdered lluor-spar 
into a paste with concentrated suljdniric acid; in this latter operatiem, 
1)0 cautions to avoid the escaping vaj)ors ; the mixing of the powdered tlnor- 
8par with the sulphuric acid is clTccted with a long glass rod, or, Ixjtter still, 
with a long leaden rod. As soon as you have })laced the small dish into the 
box, with the aid of pincers or tongs, put on the tightly fitting leaden cover, 
lute the joinings with plaster of Paris, and put the box in a warm j)Iaee ll)r 
i'roni () to 8 days. If you wish to accelerate the process, you must not lute 
the joinings qinte air-tight, and must heat the apparatus in the open air by 
means of a small gas- or spirit-lamp; in this manner you may .succeed in a 
lew hours in effecting the deeomposition of from 1 to 2 grm. of the powdered 
si!i(*ate, provided it is spread in a very thin layer, or stirred from time to 
time, which latter operation, however, requires caution. 

If the decomposition has succeeded well, the residue in tlie ])Iatinuni 
dish consists of silieofluorides aiid sulpliates. Put the shallow dish 
into a larger platinum dish, add, drop by drop, pure suljdmric*. 
acid, in somewhat more than suflieient quantify to effect the conversion oi’ 
the buses into sul[)hates ; (u aporate in the air-bath, e.\j)el linally the (‘xecss 
ol hydrated sulphuric acid over the lani]>, almost, Init not eiitindy, and treat 
the residue with hydrochloric acid and water in the manner directed in aa. 

I he decomposition can only be considered complete if the residue eiitiia ly 
dissolves. 


y. JkcomposUton bi/ fiction xvith Iftplrate of Baivfta or Carhonate ot 
Banffa. 

Idle fusion of silicates with carbonate of l>aryf.a recpiires a Awry high 
degree of licat, attainable only by means of a SKi'sruiiM furiuu o, or a 
uiiMiNs gas-fnrnac(3 or a Idast gas-lamj), or a Devillk turpentine lanqi, 

! <•, as tlio highest temperature attiunable by nnxms of a Aviud furnace 
‘‘' i’tofuse c.'ivboiiatc of i)aryta, ami it is only in a state of fusion ili.-u this 
r<''igeut cfleets compl(;te decomposition of silicates. P>ut then, on ihc other 
, tie action of carbonate of baryta in a state of fusion is .w) enorgt'tie, 
even the most refractory siliceous minerals are readily and coiujiietely 
jet’oniposod by it. The proportion to be used is from 4 to d j)arTs of ear- 
lim'i?*^ ol lairyta to I part of the mineral. The fusion is elK'cied in a pla- 
il'u SKFSTKi»At furnace is used, is inserted in another 
in c I'ofractory fire-clay, filled with magnesia. Tlie crucible is left 
'l^ejire a (puirter of an hour at least. 

alta" 1 readily decom))osiil)lo minerals, the object in view may bo 

^ization easily with hydrate of baryta freed from its water of erystal- 
1 ruT y rjrom 4 to 5 parts of the hydrate are intimately mixed av it h 
C'lrbo ^^liDcral; it is advisjible to cover the mixture Avith a layer of 

1^‘^ryta. The fusion may be eUceted over ii common gas- or 
httf-r ’ silver crucibles are ]>referable to platinum, as the 

^dglitly attacked in the operation. The mixture either fuses eom- 
Wh^ least, its particles agglutinate into a semi-fused mass, 
b’drate^ fl operation is terminated — no matter whether carbonate or 
Ojiryta has been employed — the crneible is alloAved to cool, eare- 
eaned outside, and put Avith its conteiit.s into a beaker, Avliere it ia 

X 2 
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then covered with from 10 to 15 parts of water ; hydrochloric or nitric aciil ‘ 
is added, and the rest of the operation conducted as in u. Caro iimst c 
taken, however, not to add too much liydroeliloric acid at oiice^ as tli ' 
chloride of barium formed is diilicultly solubh' in tliat acid, and unu!] ! 
conse({uently tend to impede fnrtlier solution, by formiii»( a kind of in, 
soluble protecting crust round the still nndissolved })ortion. In tlu; soln. 
tion filtered from the silicic aci»h the bases are determined by tlio nutlmi!, 
wliich will bo found in Section V, The purity ot* the silicic acid ohtaiiiH] 
must he tested as directed in o, Ixd'ore tin; oju'ratiou can lu; looked upon a, 
successful. These methods, which were formerly olten cinployol to 
determine the alkalies in silicates, have been in a measure suiHirsedL'd in 
/3, hh (<lccomposilioii by hydroiliioric acid gas). 

Dkviu.e has l.-itely called attention to tin; fact tluit tin; (piantitv of nr- 
bonate of barvta usually emj)loyed to ell’ect the decomposition of silkatis 
(from 1 to G j)arts) is much larger than re(piired. He states that 1 pun ol 
orthoclase fus(*s, at a moderate red heat, with as little as OoS jiarts of car- 
])onate ol‘ barvta to a vitre-ous traiispjinMit mass, deeom[)osal)lc by aiitk 
lie adds that, if tin; earboiiate is ns('d in larger pn){)ortlons, an a[)])iTiialb 
amount of ))otass;i volatilizes, exjudled by the agency of caustic, barvta 
t()rmed in the proec'ss. Smith* nrommoinls to fuse 1 jtart of the silkatv 
M'ith from d to 1 parts of carbonate of baryta and 2 parts of cldoridi of 
barium. 

e. ])(U'()nipo:iiti())) htf fusion U'ith Unie (tml IJiiic Saifs, 

Dkvii.lh recommends also to fuse 1 jmrt oi ' tlie powdered siliato 
Avitli from 0-3 to O S )>arts of carbonate of linn*. I liavc; tried dn> 
}ir()coss. ])ut have not t’oiind it answer in the ease of many silicate?, 
li. Smith {/oc. c//.) recommends to fu.sc; 1 jiart ol’tlie powdi'n'd silicatiMvitli 
troin a to G parts oj* earbonati' of linn', and I'rom Oo') to 0‘7a oi cbloridtMil 
ammonium, ll)r 30 or -lO minutes, at a bright red Ineat ; to boll t bo luffed 
tnas.H for 2 or 3 hours with water, taking earf; to replaia; tbe loss Irciii 
evaporation ; to fuse the n-sidiie one;* more with hall' its Mciglitol chloride 
ol ammonium, and boil the fused mass again with water. I b' states tint, 
if no boraeic aeid is j)resent, tlie whole of the alkalies will he ioiind in die 
a([ueous .solution. 3. Tii-i*'f conlirms this .statement. 

f. Dccompostlion u'itfi Jlp/rochlurir. A<'iil or Su/p/nirii: Acid in scdlS 
tubes (under pressure), after Ai.. iMn.s(:iii;i;i,i(!H.| 

Many silicab‘.s (and al.s<j aluminat<;H) whieli on dige.stion M'itb 

(•hloric or .suljdiuric a<;id in o|>en ves.s(;ls are either not at all or scarce} 

attacked, are eom]»I(;teIy decomj)osed if h(;ated with liydrocbloric aeii o 
25 JJ JI Cl, or with a mixture of 3 ])arts by weight concentrated sulpli'i^' 
acid and 1 }»art water in sealed gla.ss lulx's t()r 2 hours at 20G' 
tills purjjo.se transfer about 1 gnu. of the very line elutriated or silted .s 
stance to a strong lube of dinicultiy fusibli; Bulicmian gla.ss fused 
and somewhat drawn out at the oilier, add the acid, seal tin; tube caie 
ami ]»lace it in the wrought iron tube ol' a metallic l)ath,|l then boat in ^ 
manner descrihed, Wlieii tlie tulii; ha.s cooled, open it diiutioin^lyi 

it.H contents into a jilatinnni or iiorcelaln dish, and proceed acoou n'o 

* Sillirnan’H American Journal, 1853, vol. xvi. page 53. 
t Viorteljahi-HHclirift f. prakt. IMiaini. IV. 08. 

X Journ. f. prakt. Clioin. 81, 108, and 83, 455. 

11 Such a bath Ih figured ami <leacribed in the Journ. f. prakt. Chem. “3, > 

» the ZeitHcliiilt f. anal. Chum. 1, 55. 
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]{ a The method has this advantage over all others, tliat any protoxide 
of iron present is obtained in solution as such, and can be accurately 
determioed- 

Skcond Group. 

llyMOCHLORic Acid — T lYDRoimoMic Ann — II ydhiodic Acid — Hydro- 
cyanic Acid — IIydrosuli-huuic Acid. 

§ 141. 

1. Hydrochloric Acid. 

I. Dctcrniination. 

Hydrochloric acid may be determined very accuratedy in the gravimetric 
as vvdl as in the volumetric way.* 

(L Gravimetric Method. 

Iktermination os Chlorole of Sdver, 

Solution of nitrate of silver, mixed with some nitric acid, is added in 
oxcess to tlie solution under examination, the precij>itated cliloride is made 
lo unite by ap{)lication of lieat and shaking, washed by decanUition, dried, 
;iiul ignited The dcUails of the process liave been giv(>n in § 115, 1, u, a. 
Cure must be takcui not to heat the solution mixtsl with nitric acid, before 
the solution of nitrate ol' silver has been added in excess. As soon iis the 
latter is present in (jxcoss, the chloride of silver separates immediately and 
completely upon sliukiiigthe vessel, and tlie supernatant becomes per- 
fectly clear after standing a short time in a warm j»Iacc. TJic determina- 
tion of hydroehlorie aeid by means of silver is therefore more readily 
ellbcted than tliat of silver l)y means of hydrocldoric acid, in the case ot 
similler (piantities of chhwide of silver, the proeipitate is olleu colha^ted on 
!i filter; see § 115, I, u, /h Or the two methods may be combined in this 
ivay — tliat tlie chief portion of the precipitate is washed ly (h'cantaiion, 
•Iried in tJie [lorcelaiu crucible, and igniti'd, the decanted tluid being 
passed tliroiigh a lilter, to make (juite .sure tliat not a particle (*t ehlo- 
ri'le of silver bo lost. The filter is, aflcr drying, incinerated on the inverted 
wer ol the porcelain crucible, the ashes are treated with a lew drops oi 
citric acid, .some hydrochloric acid is added, the mixture evapoiated to 
‘liyness, the residue gently ignited, and the lid replaced on the crucible in 
'diicli the chloride lias l>eeu hcatcsl to incipient fusion ; a gmille heat 

then once more applied, aller which tlie crucible is allowed to «‘ool umler 
tlie desiccator, and then weighed. 

Volumetric Methods. 

% Solution of jS it rate of Silver. 

hi § 115j 5^ silver in a fluid may be estimated by 

‘'^' 4ing a standard solution of chloride of sodium until no lurtlior preoipita- 
ensues; in tlie same way we may determine also, by means of a 
“^kindard solution of silver, the amount of hydrochloric acid in a fluid, or 
^ dilorine in combination with a metal. 

^ ^:louz£ has used tliis method lor the determination of several equivalent 
*^tiinber8. Lf,vol| has proposed a modification wliich serves to indicate 
®t)re readily the exact point of complete preci|>itation. To the fluid,. 

* ^'or the acidimetric estimation of free hydrocliloric .aoid, see § 215. 
t Jouru. f, prakt. Cheui. 60, US l. 
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which must be neutral, he added Od volume of a saturated solution of 
phosphate of soda. When the whole of the cldorino lias l)eoii proel[iitiit(| 
by the silver, the furtlnjr addition of the solution of silver jiroducos i 
yellow prceij)itate which docs not disappear upon sliaking iho 
Ihu Moil a has sim^e replaced, with the most complete success, tlie plio,. 
phate of soda by chromate of potassa. 

This convenient and accurate method ref|ulrcs a ])erfectly uoiitnil solu- 
tion of nitrate of silver of known value. The .st rength most cunvenii nt 
1 litre -= 0-1 eq. II Cl. I recomniend the following method of pr('|)aralioK 
Dis.solve 18‘75 to 18-80 grin, pure fii.sed nitrate of silver in 1100 c, c, 
water, and (liter the solution if required. Now weigh oil* exactly four ])ortu)iis 
of pure chloride of sodium, each of O-lO to 0*18 grm., one after imoilicr, 
The salt should be moderately ignited, not fused, powdered roiipdily 'wliile 
still warm, and introduced into a small dry tube, that can l)e well elosol. 
The weighing oft* is performed by first weighing the Idled tube, ikii 
shaking out into a dry bisaker the quantity recpiired, woighiiuj; agiin, 
drop})ing a second portion into beaker No. 2, weighing again, anti so on. 
Kach portion is dissolved in 20 to 30 c, c. water, and about 3) drops of a 
cold saturated solution of pure yellow chromate of potassa added. 

Fill a Monu’s burette (if it has an FiUi)MAN\’s float so miieli (lie bettor) 
up to zero with the silver solution — which is slightly too coneeiitrated— ami 
allow to drop slowly, with constant .stirring, into the liglit yidlow solution 
contained in one of the beak(*rs, Kueh drop jtrodiicc.s, where it I’alls, a rel 
spot, whicli on stirring di.s;q)])ears, owing to tlie instant deeoiiipo.sitiuii of 
tlie chromate of. silver with the cliloride ol* sodium. At last, however, tlio 
slight red coharation rernain.^^. Now all chlorine has eomhiiied with sihar, 
an<l a little chromate of silver lias been ])ermancntly formcil. head otl the 
burette and reekoii how' much silver solution would liav(‘ been requlml 
for O-l (!(p chloride of .sodium, i.c., r)-8l() grm. Suppo.se we have used U) 
OTIO chloriele of sodium 18-7 c. c. silver .solution. 

0-1 10 : h-HdO : : 18 7 : x 
X - 003-8 

Now, without throwing away the contents of tlu' 1st beaker, make a 
second and third experiment in the saim; manner, of course alway.s taking 
notice to regard the same .shade of real as the sign of the end. The result? 
ofthe.se are reckoned out in the same way as the first. Siip-po.se thcyrUi^*^ 
for .5-843 Na Cl 00.5-0 and 003-0 respectively, wo take the laeau ol the 
three immbcr.s, which is 003*0, and we now know that wo have only to tab; 
this nunil)or eft’ c. e. of silver .solution, and make it up to 1000 c. c. with (> 
water, in order to ohtain a .solution ol’tho roipiired strength, ix., Id0()m ‘- 
-0-1 i‘A[. Na Cl. lint if 003*0 requires (hi Avat(*r, 1000 reipiims 
Hence wo fill a litre-fla.sk (previously dried or rinsed with a small jiortwn 
of the .solution) up to the “ liolding” mark with the solution, add (» l l ‘ 
water, in. sort a caoutchouc stoppicr, and shako. 

The solution mu.st now be correct ; however, to make quite sure, 
form another experiment with it. To thi.s end rin.se the empty |' 
with the new w>lution, fill it with the same and test it with the 
Salt in iKiaker No. 4. The e. c. used of silver solution must 
fuiiltijilied by 0-005843, give exactly the weight of the salt. 

Being now in ])o.H.soHsiou of a standard silver solution, and jn 

in exactly hitting the transition from yellow to the shade of red, 
the position to determine with precision hydrochloric acid or ch oim 
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tlie form of a metallic chlorulc soluble in water. The fluid to be tested 
must be neutral— 'free acids dissolve the chromate of silver. The solution 
of the substance is therefore, if iiccessjiry, rendered neutral by addition of 
nitric acid or carbonate of soda (it should be ratlier alkalitu; than acid), 
al)out d drops of the solution of yellow chromate added, and then silver 
from the burette, till the riiddish coloration is just perct'^ttible. The 
number of c. c. used has only to be multiplied by the etjuivalent of 
clilorinc or of the metallic chloride and divided by 10000 to give tlic 
amount of tliese respectively present. 

If the operator fears be ha.s added too much silver .solution, /.c., if the 
rod color is too strongly market], ho may add 1 c. c. of a solution of 
fliloride of sodium contjiiiiing 5*8 10 in a litre (and therefore correspond- 
ing to the silver solution), and tlien atld the silver drop by drop again. Of 
roiirse in this case 1 c. c. must be deducted from the amount of silver 
solution used. 

The Hisults are very s;itisfactory. 

Tlui fluid to be analysed sliould be about the same volume as the solu- 
tions emioloyed in standardizing the silver solution, and also about the 
same strength, ot]ier\vi.s<j tlie small quantity of silver which ])roduces tlie 
coloration will not stand in the same ])roportion to the ehloriiie |)resont. 
This siiudl quantity of silver solution is extremely small, varying between 
(HI’) and 0*10 c. c., the inaccuracy hereby arising even in ibe case of quan- 
tities of chlorine differing widely from that originally used in standardizing 
the silver solution is therel’ore almost inconsiderable. If the amount of silvcn* 
solution necessary to impart the coloration alway.s reniained the same, we 
should have sinq)ly to deduct the amount in question with all experiments, 
III order to avoid this small inaccuracy entirely ; since however this is not the 
case, but, on the contrary, much ebloridc of' silver requires somewhat more 
chromate of silver for visible coloration, than less chloride of silver, tliis 
mclliod of proceeding would not increase the exactness of the resulls. 

/b Hj! Solution of Nitrate of Silver and Iodide of Starch (I'isani’s 
method*). 

Add to the solution of the chloride, acidified with nitric acid, a slight 
excess of solution of nitrate of silver of known strength, warm, ami tiltor, 
determine the excess of silver in the filtrate by means of sidutiim el' iodide 
ct starch (see p, 210), and deduct tliis from the amount of si!v( r sedution 
used. The difference shows tlie quantity of silver Avliich has comlunod 

itli the chlorine ; calculate from this the amount of tiu* lait('r. hesulLs 
^utisfactory. 

y- ^yith Solution if Nitrate of Mcrcur}! (TjIKIUo's im-tliodf); recom- 
uiL'uded more particularly for the determinatiou of chlorine in the chloride.s 
contained in the urine. 

l^nnciplc of the method. Nitrate of merenrv immediately pro- 
duces in a solution of urea a thick white preeipiiate; .solution of 
chloride of niorcury produces no such preeij)itat('. hen a solution 
of nitrate of mercury is mixed with the chloride of an alkali metal, 
there is formed chloride of mcrcuni and nitrate of tlie alkali. It, 
therefore, a solution of urea is mixed witli eliloride of sodium, and 
dilute solution of nitrate of mereiirv is added, drop by drop, the 
Ihiid will show in the points of oonlaet a white turbidity, which, 

* Aunal, d, Mines, X, 83; Liebig and Kojip’s Jalirestioricht f. 185C, 761. 
t Anual. d. CUem. u. I*harui. 8a, 
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however, will immediately disjippear upon shaking, as loiv as tL 
nitrate of mercury continue.s to decom[)ose tlie chloride of sodium 
in the manner just stilted ; Imt the moment this doulde (Kicomjjo. 
sition is complete, an iidditioiiiil drop of the solution of the salt of 
mercury will produce a permanent wliite turbidity. AceordiuLrlv, 
if we know the amount and strength of the solution of the salt of 
mercury required to attiiin this point, w(^ know also the iirnount of 
chlorine in the solution ; since 1 ecp mercury in the mercurial 
solution corres[)onds to 1 cq. chlorine. 
hb. Preparation of the solution of nitrate of mercunj. As this solu- 
tion must be perfectly free from otlun* inetiils, it is iidvisahlo to 
prepare it with oxide of mercury — precipitated from solutiDii of 
crystallized chloride of mercury by solution of soda, and thoruu^dily 
washed — by dissolving lO'b grm. of the dry oxide in nitric acid, 
evaporating the solution to the consistence of syru[>, and diluting 
with water to 550 c, c. Or the solution may be made hv dis- 
solving repeatedly recrystallized nitraU; ol’ suboxide of mercury in 
water, with addition of nitric acid, heating to boiling, addiiiu: slruim 
nitric acid until no more red fumes (>scape, evaporating to die con* 
sistence of syrup, and diluting with a proper (piantity ol‘ yvatcr to 
give a solution of tolerably correct strength. 
cc. Determination of the streiafth <f the solution. 1'his is effected 
with the aid of a solution of chloride of sodium of known streiiirtli, 
wliich Linina prepares by mixing 20 c. c. of a saturated* sohitiuii 
of pure rock sjilt or chemically ])ure ihloride of sodium, with 2'J'Sd 
c. c. water. A c. c. of this solution contains 20 mgrm. chloride 
of sodium. 

Of this solution of chloride e)f sodium measure 10 c. e. into a 
small beaker, and add d c. c. of a solution ol’ urea coiitainiiig 1 
grm. in lOO c. c. 

Let tlte solution of mercury to be standardized drop int') this 
mixture from a burette, with sluiking, until a peri;eptihle precipitaO 
form.s, which on shaking fails to redissolve. | 

(id. When you have in this way ascertained how many c. c. ol tlic 
mercurial solution correspond to the 10 c. c, of the sohiiioii <'l 
common salt— - 0'2 grm. chloride of sodium, you may use the 
curial solution without I’urther jmeptiration, if you do not 
troulde of a little calculation. Lut if you wish to avoid tliis, you 
mu.st previously dilute the mercurial solution in a manner tlmf 
every cubic centimetre may corres|)oMd to an integral ninnhor ol 
milligrammes of chloride of sodium or cldorine. LiKSUi dihitosit 
to the extent that 1 c. c. corrc.sponds to O’OlO grm. chloride ol 
sodium. 

ee. If the test fluid is intended to examine solutions containnig 
large amount of foreign sidt.s, or an excess of urea, tlio Id c. ( 
the chloride of sodium solution must be. mixed with 5 c. c. o ‘ 
cold saturated solution of sulphate of soda, J in addition to the o 

* Saturated at the common tom perutu re. ^ f jm -i 

+ A mere opalencenco of the fluid is disrogarded, as this proceeds ^ js 
trace of foreign metals; that it does not Indicate the completion of 
readily seen from the circuinsUiioe that it is not increased by a further addition o 
mercurial solution. . 

t The reason of this addition is, that the nitrate of mercury and urea 
readily soluble in pure water than in saline solutions ; to attain accurate 
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of solution of urea, before tlie mercurial solution is added. The 
results are accurate. 

If you have a dccinormal solution of chloride of sodiutri (containing 
5 - 84(3 grin, in the litre), you may, of course, also standardize the mercurial 
solution by means of this. 

Of these volumetric methods of estimating chlorine, the first deserve-s 
tlie preference in all ordinary cjises. Jt cannot be employed, however, in 
aniily.ses of urine, as compounds of oxide of silver with coloring matters, 
&c., precipitate with the chloride of .silver (C. Nkubaueu). Pisan i's 
raetlioJ (6, ft) is especially suited lor the estimation of very minuUi quan- 
tities of chlorine, but is not ajiplicable when — as in nitre analyses — large 
(jiumtities of alkaline nitrate are present (p. 207). 

II. Separation of Chlorine from the Metals, 
a. In Soluble Chlorides. 

The same method as in 1,, a. The meLals in the Hltrato are separated 
from the excess of the .srUt of .silver liy the methods which will be found 
in Section V. 

Bichloride of tin., chloride of inrrcun/, the chlorides of antiinom/., and 
t\\e green chloride of chromium., form exeejitions Irom the rule. 

a. P’rom solution oi' bichloride of tin, nitrate ol‘ silver would iirecipitate, 
besides chloride of silver, a comjKmnd of binoxide of tin and oxide of 
diver. To precipitate the tin, therefore, the .solution is mixed with ;i 
eoiicentnited .solution of nitrate of ammoni.a, allowed to deposit, the llnid 
(locaiitcd, and filtered (compare § 12(3, 1, b), and the chlorine in the 
nitrate is precipiLited with solution of silver. LdWKNXliAL, the inventor of 
this method, has proved its accuracy.* 

[i- When a solution oi' chhiride if mercuri/ is precipitated with solution 
of nitrate ol .silver, the chloride of silver thrown down contains an adini x- 
turo ot mercury. The merc.ury i.s, therefore, lir.st preci|>ilato<l In sul- 
I'hiiretted hydrogen, which must bo add(‘d in suflieient exix'ss, and the 
oliloriiie in the filtrate determined as directed in § Kh). 

y. I he chlorides of antimonif are also decomposed in the manner vh r-n iltcd 

/I The separation of basic s;dt upon ^he ad«lition of w:it; r nin\ be 
‘ivoided by addition of tartaric acid. The suhddde of antimoia should 
he^tested for chlorine. 

0- Solution of .silver fails to prccipit.ate the whole of lln^ i lihu-inc from 
soution oi i\\(i (jrecii chloride of chromium (Pki.ioot). TTu' oiiromium is, 
icrc ore, first J»recipitiited witii ammonia, tlietluid filtered, and the ehlorine 
^ filtrate precipitated as directed in I., u. 

In Insoluble Chlorides. 

<^^ (Ihloriden soluble in Nitric Acid. 

issolvo the cldoride in nitric acid, without apply ine hoai. and proceed 

directed in I., a. ^ 

^^^oluble in Nitric Acid (chloride of lead, chloride of silver, 
Wdoride of mercury). ^ 

^diloride of lead is decomposed by digestion with alkaline bicar- 
tli6refore i 

possible tl ^ that the Holvent power of the lluiils hIioviUI be as nearly aa 

solution preliminary determination of tlio Btrcngth of the mercurial 

in the Hubsequent analytical proceas. 

♦ Jouru, f. prakt. Cbem. 6C», 371. 
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bonate and water. The process is exactly the Bamo as for fiP 
decomposition of sulphate of lead (§ 132, II., b., ft), 
hh. Chloride of silver is i<^nited in a porcelain crucible, with 3 
of carbonate of soda and potassa, until tlu^ mass coiuiiKincos to 
. agglutinate. Upon treating the mass with water, tlic' inciallii; 
silver is letl undis.solved ; the solution contains the alkaline elilorlde 
W'hich is then treated as directed in 1., n. 

Chloride of silver may also lie readily decomposed by difjostinii 
with pure zinc, and dilute sul])huric acid. The se])ar;it('d uutaliiij 
silver may be weighed as such; it must afterwards be aseortainrM], 
however, whetlier it dissolves in nitric acid to a ch'ar tliiid. The 
chlorine is d(itermined in the solution of chloride of zinc uljtained, 
as in I., a. 

cc. Subchloride of mercury is decom])oscd by digestion with solution 
of soda or j)Otassa. The hydrochloric acid in the liltrato is (lotur- 
mined as in 1., u. The sul>oxide of mercury is dissolved in nitru; 
or nitrohydro(‘hlori(! acid, and the mercury dctCTinineJ as Lllrecteil 
in § 117 or § 11«. 

c. T/te .'ioluble cJihn'idea of the metols of the foin-th, fflh, (iiid sidh 
may generally be decomposed also l)y sul])hun;tted liydrog n. or, 
as tlie case may be, sulphi<le of ammonium. Tin* hydroidiloiio aclilin 
the filtrate is determined as directed in § 101). It must not be oinittwi tu 
test the precipitated sulphides for chloriiui. 

(1. In many nu'tallic (diloridcs, for instance, in those of tlm first ami 
.second groups, the chlorine may be determined also by evaporating with 
sulphuric acid, (univerting tint liasc* tlms into a sulphate, which is tlun 
ignited and vveighed as such ; the chlorine being c:dculat('d from tli(‘ loss. 
T'liis method is not ajiplicable in the eas(' of chloride of silver and cliloimlo 
of haul, wliich are only imperfiictly and with dillicidty decomposed hy 
sulphuri(* acid; nor in the case of chloride of mercury and hiclilorhlc 
of tin, wdiich sulphuric acid lails almost or altogetlier to decompose. 

Supplement. 

Determinution of Chlorine In the Free Stote. 

§ M2. 

Chlorine in the free state rn.ay lie determined both in the vohmietiir 
and in tlie gravimetric way. The volumetric methods, liowever, dcsci'^' 
the ] ►reference in uio.st cases. They are very numerous. 

I shall only liereaihluce that one which is undoubtedly the most acxAi 
rate and at the same time the most convenient.* 

1. Volumetric Method. 

With Iodide of FoUminm {after IIuxsen). . 

Bring the chlorine, in the gaseous form or in aqueous 
contact with an excess of solution of iodide of poUissium in water. 
e(|. chlorine liberates I eq. iodine. By debjrmining the 
by means of liyposulphite of soda or by one of the other methods 
in § H(), you will accordingly learn the (piantity of chlorine, and, 
with the greatest accuracy. If you have to determine the ch ori 

• Compare article “ Chlorimetry” in the Special Part, §§ 224—228. 
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chlorine water, measure a portion otf with a pipette. So as to prevent 
any of the gas entering tlie month, connect the upper end of the pi[)ettG 
with a tube containing moist liydrate of potaswi laid Ijotweeii wool. 
■When th (3 pipette has been correctly filled allow it.s contents to (low, with 
stirring, into an excess of solution of iodide of potnssinm (1 in 10). There 
is no dillicnlty about knovvdng whether the latXer is snfliciently in excess, 
for if not, a black prccij)itate is formed. If the chlorine is evolved in the 
.raseous condition, you may employ either the apparatus given in § 130, L, 
•(/, /3, or the following, which is especially suitable where the chlorine is not 
pare, but is mixed with other gases. 



Fig. 74. 


is a little flask, from which the chlorine is evolved by boiling the sub- 
with hydrocliloric acid ; it is connected with the tubo /> by means 
"Inflexible tube. The hitter must be free from sul])lmr- slumhl it con- 
bin sulphur it is well boiled witli dilute pota.ssa and then thoroughly 
''nslied. The thinner tube c, which lias been fused to the bulb i>f />, leads 
ihroiigh the caoutchouc stojiper (which has been depriiaal ot sulphur) to 
h'c* bulbed U-tubo (/, wliich contains solution of io/lidt' ol potassium, and 
^'jhch lor safety is connected with tlie plain U-tube c, also I'ontaining iodide 
rm h^^^ssium solution. Both tubes sUind in a In'aker 11 lied with water. 

, apparatus offers the advantages that the fluid cannot return, that the 
Aft potassium remains cold, and that tlu‘ ahsorption is complete, 
all the chlorine has been expelled by boiling long enough, rinse d 
e out into a beaker and measure tlie iodine with standard hyposulphite 
'^Uo(la(§ U6, 3). 

2. Gravimetric Method. 

fluid under examination, which must be iVcc from sulphuric acid, 
VI w iaetancei chlorine water, is mixed in a stoppered bottle, 
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with a slight excess of hyposul]»hite of soda, Siiy O-,) grrn., the sto|)|i(r 
inserted, and the bottle kept tor a sliort time in a waiin |)l.ico 5 alter winoli 
the odor of chlorine is fonnel to have gone off. iho mixtun! is tlien 
heated to boiling with some hydrochloric acid in excess, to ch'slroy tin- 
excess of hyposiil]ihite ot‘ soda, liltered, and the sulphuric acid in the ni- 
trate determined by baryta (§ Kki). 1 eq. sulphuric acid correspoiuls to 
2 cq. chlorine (Wicke*). 

In fluids containing, besides free chlorine, also hjdroeldortc aeiil or a 
metallic chloride, ^\o. chlorine existing in a sbite of combination may hi 
determined, in presence of the free chlorine, in the following way. 

A W’cighed portion ot the iluid is mixed with solution ol sulpliuioiis 
acid in (excess, tin; mixture acidified, after some time, with nitric acid, ami 
the whole of the chlorine ])rccipitated as (ddoride of silver. The (quantity 
of the free chlorine is then determined in another w'eighed |)orti()n, liy 
means of iodide of potassium; the dillVnmce gives the amount oi combi aol 
chlorine, f _ 


Having thus seen in how simi>le and accurate a manner the (luantitv of 
free chlorine may be determined by BfNSKN s method, it will be readily 
under.stood that all oxides a!id ))eroxides which yiehl chlorine when licaUd 
with hydrochloric acid, may be analysed by heating them with ccmcentrmml 
hydrochloric acid, and determining the amount of chlorine evolved, tor 
the modus ojterandi coin[)are 1. 

§ 1 

2. IIvDuoHKOMic Acid. 


T. Determination, 

a. As bromide of silver. Free hydrobromic acid— in a solution (roe iroin 
hydrochloric acid or chloride.^is‘precipitat(Ml by silver solution iin< “• 
further process is comlucted as in the case of hydrochloric aci.l t )• 
For the prop(.*rties of Vjromide ol silver, see § 1 ) 4 , 2 . Ihe lesu an- ] 
fectly accurate. 

The following methods are esiiecially .serviiamble for the 
of small amounts of bromine; tluiy arc applicable in the 11 


chlorides. ^ 

h. With chlorine ivater and chloroform (after A. 
method depends on the facts that chlorine when added 
liberates the bromine and then combines with it, and that 
chloroform yellower orange, while chhudde 
nicates a yellowish tinge to that fluid. The process is as follows . 
li(piid containing a bromide of an alkali im-tal in V 

pered iKjttle with a drop of jmre chlorofhrm about the size of a ^ 
then add standard chlorine water from a burette, j.rotected .. 

by being surrounded with black [.aper. On shaking, the ciuo 


* Annal. d. Chem. u. Pharm. 99, 99. „ of 

t If chlorine water i« mixed at once with Holutioti of ® V*. . /.r 0 , OO 5 

the chlorine are obtained aa chloride of «dver ; 6 Cl + « Ag O - b Ag 
(H. Kubc, Woltzien, Annal. d. Chein. u. Pharm. 91, 40. and 

with ammonia in exccus, there are formed at first chloride of aim ^ 

chlorite of ammonia, the latter then gradually dccornpofles into • 1 . /gchduboiDj 

ammonium ; however, a little chlorate of ammonia i« oIho forme 
Joarn. f. prakt. Chem. 84, 386) ; Zeitachrift f. analyt. 

X Annal. d. Chem. u. Pharm. 116, 149. 
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com (33 yellow, on further addition of chlorine water, oraug(', then yellow 
a<nun, and lastly — at the moment, when 2 eq. chlorine have been used for 
hroininc — yellowish white (K Br + 2 Cl-K Cl + ?>r Cl). Con- 
siderable practice and skill are required before the operator can t('ll the 
end-reaction, lie will be assisted by j>lacing the bottle on white paper 
and coinj)aring the color of the chloroform with that of a dilute solution 
of yellow chromate of potassii of the re(piired color. The strength of thc 
rlilorlnc water should de})end on the amotint of the bromine to be deter- 
mined. It should b(i so adjusted that about lOO c. c. may be used. The 
cliloritie water is standardized with iodide of potassium and hyposnlydiite 
of soda (§ 142, 1). The method is especially suited for the determination 
of small (piantities of bromine in mother liquors, kelp, Ac. The results 
are very approximate : c.y., 0*0180 instead of 0*(H 8.b- — 0*05.b instead ol’ 
().() 5 ;) — 0-0112 instead of 0*0 100, (,V:c. If the fluid contains organic sub- 
stances, it is — after l)eing reanh'red alkaline with caustic soda — evaporatf'd 
to dryness, the residue ignited in a silver dish, extracted with water, tlu,* 
Holuliou neutralized (!xa(‘tly with hydrochloric acid, and then tested. 

c. With chlorine irotcr (tnd the opplicafion of heat {offer FioriKit*). 
This method is ))ased upon the cireumstanecs tliat 1 cq. chlorine liberates 
from a solution of a metallic bromide 1 eq. bromine, and that bromine 
liii|iarts a yellow color to an acpieous solution, and esca])es readily np(Mi 
boiling, the yellow tint of the solutioii dlstq)pcaring with the esca])C of the 
bromine. 

The cldorino is used in dilute acpicous solution. It is standardi/ed 
immediately hefure use, hy making it act upon a solution of brmiiide uf 
sodium of known strength, aeidilied with a lew droj-s of liydroelilorii' lu id 
(or more simply with iodide t>f ])otassium and hyposulpliite ol sikIi. 
iiwmrding to § 112, 1). din; mother fnpior is heated in a lla.-k m arly 
to ohullition ; oldorine water is then added from a burette covna d ^v^1h 
bladv pa])er, and the mixture lieated for al)out 3 mimites, whi vnij oii ihc 
yeiloAv tint imparted to tlie Iluid hy th(' addition of the ehlorim' wau r will 
disappejir again ; the mixture is now allowial to eool for 2 luniiin atier 
"’bbdi some more ehlorine watm- is dropi>ed into it, heat again ajinia d. and 
same process re|)eated until furtluu* ;id<lition of chKiriim wai' a tai!< to 
iiiipart a yellow color to the Iluid. Should the t'xperiim ni lau >t \er|| 
hours, the strength of the chlorine water must be determiii< d once more 
tlic end of the ])rocess, and the calcidation of tlu' rc-iilis Imsfd upon 
moan of the two exjKTiments. Alkaline iluids mu.'-t ba sliahtly aeidi- 
with hydrochloric acid. Protoxide of iron, jtrotoxide i>t manganese, 
’t'diiio, and organic matters must not be jUTseut. Mother h jtiors colored 
yellow by organic matter should be evaporated to di vm '-a, tin' residue 
^"ently ignited, then treated with water, ami the Iluid tiiter< d. In evapo- 
the solutions to dryness, carbonate of soda must Ih* added, since 
^ ‘ cride and bromide of mjigne.sium evolve hvdroeldoi ie aiul liydrobromic 
in the process. 

colnrmetn'c mefho<L1i The bromitu' is liberalial by means 
clilurine, and received in ether j the solulioti is compan’d, with respect 
^olor, with an ethereal solution of bromine <»! known strength, and the 

* Anna), de Chim. et do Tliys. 33, 303; and .Tnum. f. juakt. Chem. 54, 293, 
to otfect tho determination of bromine in inotber fiipiois. 

. r Joum. f. pvakt. Chom. 36. 184, proposed to otU el ilie vleicnnlnation of bromine 
«iother lii|uors. 
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quantity of bromine in it thus ascertained. Fkhlixg* obtained satisHu toiy 
results by this method. It will at once be seen that the amount of hro, 
mine contained in the fluid to be analysed must bo known in some nua- 
sure, before tliis metliod can be resorted to. As the brine examined hv 
Feiiling could contain at the most 0'02 gnu. bromine in GO grm,, he joi'. 
pared ten dilTerent test fluids, by adding to ten several portions ol' GO 
each of a siiturated solution of common salt increasing quantities of hro- 
mide of potassium, continuing respectively from 0-()0‘2 grm. to 0-()‘i0 ^xm 
bromine, lie added an equal volume of ether to the test fluids, and tlioi 
chlorine water, until there was no further change observed in tin' color of 
the ether. It being of the higln.ost im|)ortanee to hit this ])oint exiictly, since 
too little as well jis too inmdi chlorine make the color it))))oar liditcr, 
Feiiling prepared three siiinples of each test fluid, and tlu'u clioso die 
darkest of them for the eonqwirison. GO grm. are now talo nf of dm 
mother liipior to be exjunined, the siime volume of (ither added as vns 
added to the test fluids, iind then chlorine Avater. Fvery experiment is 
repeated several times. Direct sunlight must be avoidt'd, ;ind the opern- 
tioii conducted with proper cjxpeditiou. In my opinion it is well to re])kice 
tlie ether by chloroform or IVisulphide of carbon. 

II. Separaiiou of BromitH' from tJic Mriols. 

The mchillic bromides are analysed exactly like the con’espoiidiiii.f 
chlorides (§ 141, 11., a to d), the wliole of these methods heiiii!; ajipli- 
(mble to bromides as well as chlorides. In the deeomjiDsitiun oi’ hromidcs 
by sulphuric aei<l (§ 141, If., (/), porcelain enu'ibles must bo used instead 
of platinum ones, as tlic latter would bo attacked by the lihemted 
bromine. 

Siipjt/cmcHt. 

iJcterminatiou of Free Bromine, 

§ Mi. 

Free bromine in aqueous solution, or evolved in the gaseous form, 
caused to act ou excess of solution of iodide of potassium. Maeli cij. 
bromine liberates 1 e(j. iodine, which is most couveniently (h'teriiiined hy 
means of hyposulphite of soda (§ MG, fl). As ri'gards the best iiioile ol 
bliiiging about the action of the liromiue on the iodiihi of [lotas.siimi, 
compare § 142, 1. Tlii.s method is simple and exact, and renders \ViLiaAMss 
niethodj superfluous. Tlie lattim depends ou the liict that 1 eip tuipoiitiii'' 
takes up and decolorizes I cq. bromine. 

The determination of free bromine in presence of hydrobronuc la" 
or inetLillic bromides is elfeeted in the same manner as that of 
chlorine in presence of liydroehloric acid (see § 142, at the end). 

§ M5. 

3. IIyduiodic Acin. 

I. Determination. 

a. As Iodide of Silver, Gravimetrically. — If youliavoliydf'^^^^’^^ ‘'^‘.‘1^ 
in solution, free from hydrochloric and hydrobromic acids, 
nitrate of silver, and proceed exactly as with hydrochloric acid (s / 

* Joum. f. prakt. Chem. 45, 2Q9. 
t The best way is to take them by measure. 

♦ TiajK/t. 
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For the properties of iodide of silver, see § 04, 3. The results arc per- 
fectly accurate. 

1. As Pkotiodide of Palladium, Guavimktrically. — Tlie following 
nu’tliod, recoinniended first hy Lassakjne, is resorted to exclusively to 
cHlict the separation of hydriodie acid from hydrochloric and hydrobroinic 
adds, for which purpose it is extremely well adapted. Acidify tlie solu- 
tion slightly with hydrochloric; acid, and add a solution of protochloride of 
palladium, as long as a ])r(x;ipitate forms ; let tlie mixture stand from 21 
to IS hours in a warm iilaccg filter the larownish-black precipitate oil’ on a 
cvdglied filter, wash with warm water, and dry at a temjierature from 
about 70'’ to 80°, until the w'eight remains constant. The drying may he 
irrcatly facilitated hy replacing the watcn* (af’tcir the operation of washing) 
liy some alcohol, and the latter fluid again hy a little ether. For tin; pro- 
perties of the prec'ipitate, sc;e § 94, •). Thi.s mcithod give.s very accurate 
residts, provided the drying he managed with proper care; hut if the 
temperature is raiscnl to near 100'^, the p)rcci[)itate smells of iodine, and a 
trilling loss is incurred. 

Instead of siinply drying tlie ]irotiodide of ]»alladium, and weighing 
it in lliat form, you may ignite it in a crucihle of porcelain or ]datinnm,* 
:md calculate the iodine from tlie residuary metallic palladium (11. Jvosi:). 


m With pRorocuLouiDK of Palladium, VoLUMKTiticALi.Y (Kr.usTiNof ). 
Tins method is liased upon the precipitation of iodine from iodide solution 
by protochluride of jialhulinm. The jirot'ess reipiires, — ■ 
a. A sofiition of pun; iodide of i>oiamiitii eontainiiig exactly 1 part ot’ 
iodine in 1000 j)arts of flui<l. This is prepared hy dissolving IdlOS 
p'tn. ignited iodide of iiota.ssium in -water, and diluting the solution to 
1 litre. 

(i An acid ,<in!nfion of protochloride of palladiani containing exa^ llv 
1 part of palladium in 2370 parts of fluid. This is ]»repared Ity diss>>i\ iug 
^ part of palladium in nitrohydrochloric acid, with apiplication ui' le at, 
t'^aporating tlie solution to dryness at 1 00'’, adding 50 parts of naroii- 
irated hydr ochlorie and 2000 ]«irts of water, and allowing to Oi [ui-^it. 
iae e.xact strength of the clear .solution is then ascertained l>y m* ans c»f 
Holntiou of iodide of potassium, in the manner described hoKov \ Ana- 
kpcdl Pi'ocesny 

y- The solution, of the iodide to be anahjscd. Dissolve the iodide in 
'Liter, if possible, and determine the anionnt of iodine in it aj>proxi- 
matcly, 

in the manner deseribed below [Anolptical ProOis-') : dilute the 
of tlie solution until it conhiins 1 part of iodine in about 1000 
and then determine the exact amount of iodine in it hy the stime 

method. 


Should the iodide be insoluble in water, or not wudl adai'tml for direct 
®^ution, on account of foreign admixtures, distil with coiu eiitrated sul- 
P'Uric acid, in a retort with the neck directed upwards, and continue the 
^Ppication of heat until sulphuric acid fumes begin to bo evolved. Take 
to add at first to from 20 to 100 c. c. of fluid, 20 c. c. of sulphuric 
}]!t' from iodine). Should the distillate contain tree iodine with 
y^iOdio acid, add 1 or 2 drops of thin starch-pasto.J then aqueous solu- 


^ This substance is not injured by the operation. 

+ Anna!, d. Gheni. u. Pbann. 87, lia. 
jpares this by boiling a mixture of 1 part of starch, 0*1 part of conceu' 
ino aoid and 24 parts of water* 



322 


DETERMINATION. 


[§ IM. 

acid, aa directed § 146. In employing this method, it must he borne jj 
mind that the sesqiiichloride of iron must he Irec Irorn chlorine and nitrij 
acid. It is best to proi)are it from sesqiiioxide of iron and bydrodilonc 
acid. 

/’. llY SEPARATION WITH IIyponitric Acid. Soc Separation of iodine froiQ 
chlorine, § IGl). 

II. Separation of Iodine from the Metals, 

The metiillic iodides are analysed like the corresponding rldoiidt;, 
rrum iodides of the alkali metals containing free alkali the iodine may 
1)0 precipitated as iodide ol silver, by first saturating the ih'c nlkaii 
almost completely with nitric acid, tlum adding solution of nitrate oi 
silver in excess, and finally nitric acid to strongly acid renetion. If an 
excess of acid were added at tlu! beginning, free iodine might sqiaratc, 
which is not converted completely into iodide of silver by solution ol 
nitrat(’ of silver. 

With res})ect to the salts insoluble in water, 1 have to ohsorvn ilmt 
many of them are more advantageously decomposed l)y boiling with ])()t:issa 
or soda, than dissolved in dilute nitric, acid, the latt(T j)roccss being apt 
to be attended with s(;parafioM of iodine. This a])plies more ]>;irll( nlarlv 
to subiodide, of cop])er and to jirotiodide of ])alladiiini. From iiduks 
soluble in water, the iodine may also bo i)reci})itated as protiodido of 
palladium. 

Lastly, it is o])en to the analyst in almost all cases to deicriniiie llie 
base in one portion of the compound, by lii'ating with (‘oncentrati'd sul- 
phuric acid, the iodine, in anot.lier i)ortion, l>y the method 1., i'. Lie 
iodide of mercury is be.st <lecomp<»scd l.)y distillation with 8 to 10 pnrtx't 
a ndxtuia^ of 1 ]>art (•yaiddc of potassium with 2 parts anhydrous lime. 
Apparatus, fig. 66, p. 220; a b is filled with magnesite (II. Kosi:*). 


Snp/>le/n('nt. 

Detcrininalitin tf Free Iodine, 

§ 146 . 

The determination of free iodine is an operat ion of great iinpoiianoyiii 
analytical chemistry, since, as liuxsKN first jiointed out, it is a moaiib t'l 
the estimation of all those substances which, when brought in (’ontaenM i 
iodide of potassium, s(;parate from the same a definite (piaiitity of 
(c.y., chlorine, bromine, or, when lioiled with hydrochloric acid. }i< ‘ 

a definite quantity of chlorine (c.y., chronde acid, .some pioroxidos, jVc/' 
By causing the chlorine j)roduced to act on iodide of pota.^simi), wc o i > 
the ( (juivalent quantity of free iodine. . 

Of the various methods which liave lieen jirojiosed for the 
of iodine, the three best will be described. With Fhi. Moiiit f 1 s'' j, 
];iHt — a cond)ination of tlie two fir.st — the j)referenco, not because 
more exact than IBinskn’s, but because — equally accurate — it rccpiRC.s 
time and is more convenient. 

1. Bunsen’s Metiiod.J 

a. Principle of the Method. 


Iodine and suliliuroiis acid change in presence of water to h}di 

* Zeitschrift f. anal. Chem. 2, 1. f Lehrbuch der Titrirmethode, 2 Aufl 
X Annal. d. Chern. u, Pharm. 86, 266. 
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acid and sulplinric acid (1 4- H 0 + S Oj = H I + S 0^) ; but, on tlie oilier 
iiaiid sulpln^ric acid and hydriodic acid decompose into iodine, sulpliurous 
acid,^ind water (11 I + S (\ = I + I1 O + S OJ. Wliich of tliese two 
reactions will ensue or prevail, depends upon the aiiioiiiit of water 
j)resciit. Now, Bunsen has ascertained, by most careful experiments, 
tiiat, tvlien iodine is brought into contact wdth an acpieons solution of 
sulplinroiis acid containing no more than from 0'04 to O-Of) per cent, 
by widglit of anliydrous acid, the first reaction alone takes jdacc ; under 
those eircuinstances, therefore, 1 eq. iodine converta 1 eq. sulphurous acid 
into sulphuric acid. 

If therefore an unknown (piantity of iodine, dissolved in iodide of 
potassium, is mixed with an excess of such highly dilute stiljdnirous acid 
of known strengtli, and tlie amount of the sulphurous acid remaining 
niioxidized theipdetermined, the dill'erenco shows at once the amount con- 
verted into sul})huri(; acid, and hence also the amount of iodine. 

I y. 'fhe strength of the dilute solntioii of .sulidiurous acid is determined 

I liy iiscortaining how much of a solution of iodine of known strength is 

' reipiirod to oxidize it. 

• 

h. Matcriafs required. It results from a that the following fluids an' 
roiuired for the analytical j)rocess: 

u. A Solution of Iodine, of known strength. — This is prepared by dis- 
solving a grin, ofthe])urest iodine — dried for some time under a bell gl;i-> 
over sulphuric acid, or chloride of calcium — with the aid of a ooneenti';it> d 
solution of pure iodide of ])otas.sinm,* in a. litre flask, adding water up lo 
die murk, and shaking the llask until ])erfeet mixture has taken ]>lace. A- 
lUOO c. c. of this solution contain accordingly 5 grin, iodine, every e, e. 
contains (l-OOn grm, iodine. But as iodine mostly contains tr;im'> of 
ckloriiie, wliich latter agent acts ujhom sul})luirou.s ai'id in the same \\a\ as 
iodine, hut has a different equivalent, the solution mu.^t be tested to a . rr- 
tain liuw much absolutely ]uire iodine corresponds to one cubic eei tiiia ire 
ill its action n])on sulphurous acid. 

This examination wdll be found in c, /3. 

/3. A Solution of Sulphurous Acid. — Saturate water couiph lelv with 
^^iill'liiirous acid, at the common temperature, ]>oiir the solution into fonles, 
close the latter tight, and place them inverted in water. Add irom do to 
c. c. ot this .saturated solution to 5(H)d e. c, of water. 
y- A Solution of Iodide of Potossium, — Dissolve 1 part bv wi ight of 
P’lrc* iodide of potassium (free from iodic acid) in ahont 10 piarts by 
"eight of water. Tlie solution must sliow no brown tint immediately 
‘liter addition of dilute suljdiuric acid or liy<lrochloric arid. 

l^tarcdi-pdsife, — Tliis should be jircpared fresh <'arli liinr; it must be 
'oy thin (1 starch to about 100 water), and almost pcrllctly clear. 

l^relminary Determinations, 

determination of the relative strength of the Sul n (hot of Iodine and 
Solution of Sulphurons A rid. 

Measure, by means of a })ipctte, 50 c. c. of the dilute solntion of sul- 
pi^Rous acid, and transfer to a llask. Add 3 or 1 c. c. of starcli-paste, and 
the solution of iodine drop by dro]>, iVom a bnia'tte, w'cU stirring, 
^'hl the coloration produced by the last drop ju.-t remains permanent. 

nfte must be colorless, and must show no brown coloration immediately 

^ audition of (iron- free) hydrochloric acid, or dilute eulphuric acid. 
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Suppose yon liavc used 12-5 c. c. of iodine solution to 50 c. o, 
the solution of sulphurous aeid, then 50 : 12 ;.) will indeed 
inatclif express the relative stren^tli of the iodine solution and tin* sni, 
plnirousaeid, but by no means with the degree of aeeiiraey attainal,!,. ],v 
second experiment, which is made as follows: — Translcr about 21 c. ( , of 
solution of iodine from the burette to a flash, and add 10() e, (>,,,[ 
sul])hurous acid, which will just cause the yellow color to disapjirar; 
add 13 or -i c. c. of starch-paste, and then, with great care, some hk,!-,, 
iodine solution, until the coloration produced by the last (Iroj, j,,.. 
remains permanent. lly now reading oil the total (juantity ef jediu 
solution consumed, the relative strength of this and tin; snl[)liiiroiis iukI 
is h^arnt with the greatest accuracy. The proin])t addition of ilie siil- 
])hurous aciel .solutiv)n to the io<line solution, in this second exjierniKnt. 
eflectivcly prevents alteration of tlie former by evaporation or atinosjiluric 
action. 

Suppose you hav(; found by this second experiiuent that 20 e. e. oftlio 
iodine solution cona'spond exactly to 1(H) c. c. of the sulphurous aeiil. 

As the sulphurous acid solution is liable to sulh*r alteration limn tlie 
oxidizing action of the air, this jireliminary deterininafion must be repeatal 
bef()re every fn'sh series of experiments.* 

/3. I)( fen/tindtion of the exort (UDoimt of {odioc in the iixliiie solulinti 
(or, more correctly, deterudnation of the ])ower of the iodine solution to 
act upon sulphurous acid, tVc., ex}>res.sed in j)arts hy Aveiglit ot piiiv 
iodine). 

As the exact dc'ferinination of the strength of the iodine solution is 
the foundation on which not only this l)Ut also the method to he eiveii 
in 5, depends, the greatest care must l)e bi'st(.)wed on this ])art el tlm 
process. Of the various ])Ossible methods the most diia'ct are those in 
winch the action of the nnhnoini iodine solution on a(picous snl]huioii'' 
aeid is compar(;d with the action of a kntoi'n (piantity ol iodine (dissoho 
in iodide of potassium) on the .'^une sulphurous acid. A solution ol iodine 
of known .stnmgth may be procured in diihu’eiit ways; it may hi; juep.iie 
either by dissolving an exactly weighed jxirtion of ]>ur(‘ iodine, or h} o'li 
ducting [I known ([iiantity of chlorine into (excess of iodi<le ol 
solution. The latter process has Ixjen esp<‘cially recommendml hy bi ' 
I prefer the former, as it is easy and certain in execution, aflords cxcl' 
results, and is free from any error, which might arise from the adoption n 
inexact eipiivalent-numbers of other elements. The tornier iiiclhoi 
describe lierc, the other in M. . , 

BcNShN rectninmmds to j»rocurc tlu^ known f|uantity of 
is to be conducted into solution of iodide of ])otassium, by boiling u ''‘ ’h 
amount f)f bichromate of potassa with hydrochloric acid. I 

Weigh off exactly .about Ou35 grin, pure bichromate! of potassa, jon' 
perfectly anhydrous by fusion at a g(!ntle Inuit, and treat it exact) i'| ^ 

manner directed § IdO, 1., ^/, /3, Avith ])ure fuming 
]!refer the ab.sorf)tion apparatu.s, ]>. .315, fig. 7'1, as the heating ot ^ 
solution and the po.ssil)ility of tlie fluid returning are thereby avou 
and a perfect absor[)tion is attained. .iciitto 

Tlie fpiantity of iodide of pota.ssiurn solution used must bo hW 
keep all the separated iodine in solution. After picrfect coolingi 

* Tho best urrangeDiont for preserving tlie solution of sulphurous acid is t 
periled, p. l‘J8. 
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j/rowi is rinsed into a lieakcr, and "vve have now in solution a known 
(|ii;intity of ifee iodine, lor 1 Iv 0, 2 Cr 0^ (1 eorresponds to 

;j eq. iotline (o8l). 

Suppose we had taken 0-o871 grm. of the bichromate, we liavo now in 
soliitiuii, tlicrelbre, 0-l()U grm. iodine. Now add one oO c. c. jiijxjUc 
arbr another of the sidphiu'ons acid, till the lliiid ha.s become perfectly 
('olorless. 

Suppose we had used 2 jiijiettes, or 100 c. c. Add now 3 to 1 c, e. 
starch solution, and from the Imrette the iodine solution — whoso strength 
is to he determined and whose relationship to the sulphurous acid is 
kiion'ii — till a permanent bine is ])rodncod. 

Let us again sniipose we bad used 0 c. c. iodine solution. The cal- 
culation now is extremely simple; — still retaining the suppositions we 
liave already made — lOO c. c. sulphurous acid correspond to 2() c. e, iodine 
solution; but 100 c. c. sulphurous acid also correspond to the 0-100 grm. 
iodine (separaOul with tlni aid of chromate of potas.sa and liydrotliloric 
.a(;id) + G e. c. iodine solution, tlierohire 2(1 e. c. iodine solution correspond 
to O’lOO grm. iodine + 0 e. c. iodine .solution. 

.’.20 c. c, iodine solution correspond to 0*100 grm. iodine. 

.’. 1 c. c. iodine solution corresjionds to ()-00r» grin, iodine. 

bdtli proper care this method answers well. There is one olijectiou Ot 
it, that the result depetuhs on the ocpdvalcnt of chromium, whicli, a.s i- 
veil known, chemists are not quite agreed iqioii. 


(1. The acinal u/m///.s'/s. 

Weigh the iodine, bi'st in a small flask, dissolve in the iodide of | 
kmm solution pre[)ared al'ter /i, y (using about ') c. c. iodide of piii.o 
yuhition to 0-1 grm. iodine), and add one pipette alter another oi'ils 
I'liuroiis acid soiution, until the ilnid aj)|)ears quite colorless. Nnv 
-paste, ami, finally, standard solution of iodine from thr iui 
’uitil the final reaction is attained, 
balculato the c. c. of iodine solution corresponding to tin 
consumed in the exjHU'iment, and deduct from this the 
tllcct the convmr.sion of the excess of the sulphurous acid ii. 

Ihio dill'creiicc expresses tlio c. c. of iodine solntion 
tKactiy the same (piantity ol“ iodine as the examined sam] 1. 
f'c amount of iodine in tlie latter, therefore, you need siiiijil\ undiiply the 
iiuiiihcr of c. e. with the known amount of iodine in I e. r. 


1 iiurim.s 
iir-vd to 
-uil'inirlc 
'Uiiaiiiing 
’I'u know 


2. SciiwAUz’s INIetiiod.* 

^his method is based ujqon tbe following reaction ; 2 (No 
1+ Na (), 0^, 2 1-8 grm. pure crvstallized liv] 


( ). ().,) 4- I 

, ..j. , \ j.n-uli'hire of soda 

dissolved to the volume of 1 litre. i(H)b e. e. lU’ tlm solution cor- 
12-7, hc.y tot)- 1 (up iodine. This si)lution is .uldcd to the solu- 


sample in iodide of potassium, until ilu' fluid appears ot a 
r. yellow, o or 4 c.(U thin ami very clear s 1 arrh -|';isir ;ire then added, 
must produce blue coloration, and linally ag.iiii liyposiilpbite ot 
h luitil the Iduc fluid i.s just decolorized. 

(fir tliongh in itself excellent, is open to (d>ieetiou, in that it is 

^ obUiiii a solution of absolutely oxart \ahu‘ by weighing off 
Jposulphitc of soda, as the sidt is not readily proiauable in a perfcctly 


Dl'lg] 

"liich 

!^oda 


Aiiloitung zu Maasaualysen, Nacluragi' ISaO, S. 22, 
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jiiiro and dry condition, and although the solution does not change rapidly 
or to any great extent, it is still liable to gradual alteration, especially 
under the inlliiencc of light. 

3. Combined Method. 

This corresponds essentially witli Bunsen’s |)roccss ; but instead nf th 
sulpliurous acid, which so rapidly cliangcs in stianigth tliroiigli (^vapontiinn 
and oxidation, a solution of hyp)08ult)liite of soda is employed, whicli is 
almost stable. 

a. Requisites. 

a. Iodine solution of known strength. Dissolve n-2 to Odl grm. ioiliiK^ 
with the aid of about 1) grm. iodide of potassium (1‘rce from iodic acid) aiul 
water to about 1200 c. c. 

/3. Solution of Iif/posulphite of soda. Dissolve 12-2 to 12'r>grni. of (lie 
pmre and dry salt in water to about 1200 c. v. 

y. Solution of iodide of potassium. Dissolve 1 part of the salt (lico 
from iodic acid) in al:)ont 10 parts Avatcr. d’hc solution must he colorlc^ 
and must remain so Immediately allcr the addition of dilute snlplniricor 
hydrochloric acid (either must 1)0 iron-free), 

C. i^tandi solution. Stir the p)urest standi ])OAvd(T gnidually with ahout 
100 jiarts cold water and heat to boiling with constant stirring. Allow to 
cool rpiietly, and pour off the fluid from any de])Osit. The solution dioidl 
1)0 almost clear and free from all lumps. '^fhe starch solution is licst 
jirejiared fresh before eacdi series of experiments. 


b. Pkkliminauy Determinations. 

o. Determination of the relation heiircen the Iodine isolation and diC 
Hjiposnlphite Solution. 

Fill two burettes with the solutions. Run 20 e. r, of the hvposulpliit'-’ 
into a beaker, add some water and 3 or 4 c. c. starch solution, then a'M tb' 
iodine till a blue coloration is ju.st jirodiured. If you have added a ilnp 
too much, run in one or two drops more of' the hyposulj)hite, and tlun 
more cautiously one drop after another of the iodine solution. AitiT a 
lew minutes read off the height of the fluid in both burettes. Suppof^t: 
had used 20 c. c. hyjiosulphite to 20’2 e. c. iodine. 

/3. Jlrjtrt J)eJennin((tion of the Iodine, in the Solution. , 

This is ])erformed in accordance with the principle evolved in h d 
(p. 324) ; the p)roc(!Ss is, as far as my experience goes, best conducted ni t ic 
following manner : — , 

Select three Avatch glas.ses, u, i, and c, Avhich fit each other; Aveigh 
c together accurately. Rut about 0-5 grm. jiure dry iodine 
according to § (15, 5) into u, place it on an iron plate and heat 
dense fumes of iodine e.scape. Now cover it Avith b and regulab* 
so that the iodine may sulilinie entirely or almost entirely into h. 
remove Avhilo still hot, give it a gentle swing in the air, to 
still uncondensed iodine fumes and any traces of aipieons vap)or, 

Avlth c, allow to cool under the desiccator, Aveigh and transfer the 'V 
glas.se.s, tf)gether with the Aveiglied iodine, to a ca])acious 
a Huflicient quantity of iodide of potassium solution, to dissolve ^ 
of the iodine to a clear fluid. Now run in hyjiosulphite from the 
till the fluid is just decolorized, I'ldd 3 to 4 c. c. starch solution, aii 
iodine solution from a second burette, to incipient blueness. 



rUEE IODINE. 


327 


§ 146.] 

After the two burettes have been read off, the following simjde calcula- 
tion f^ives the strength of tlio iodine solution : — 

Suppose wo liad weighed off 0-15() grm. iodine, and used 20'5 c. c. 
hyposulphite and 0*3 c. c. iodine solution. 

From a, we know that 20 c. c. liyjwsulphite correspond to 202 c. c. 
iodine solution ; 29-.^> c. c. therefore correspond to 20*8 c. c. 

Now 29'5 c. c. hyposuIt)hite correspond to 0*150 grm. iodine + 0*3 c. c. 
iodine solution. 

But 20’5 c. c. hyposulphite also correspond to 20*8 c, c. iodine solution. 

0d50 grm. iodine + 0*3 c. c. iodine solution ^ 29*8 c. c. iodine solution. 

0-150 grm. iodine 29*5 c. c. iodine solution. 

1 c. c. iodine solution = ()’0050847 grm. iodine. 

The experiment just described is repeated and the mean of the two 
results taken, provided they exhibit sullieient uniformity. 

y, Dlhifmi of the standunl jluids to a ('onvenlcnt streofffh. 

With the aid of the iodim; solution tlic .strength of wliicli we now know 
mctly, and the solution of hyposulphite ol' soda whicli stands in a knoAvn 
[(ilation to tlio same, wo might make any determinations of iodiire. The 
calculation, although in principle extremely simple, is yet sommvhaf 
li.'iinpcred by reasoli of the long decimid Avhich ex])ross(‘s the (jiiantity of 
iadiiKi in I c. c. o( the solution. It is therefore convcuiicnt to diliiti.' tlici 
iodiiu; solution so that 1 c. c. nmy exactly contain O-ODo grm. iodine. This 
is clone by filling a litre flask tliorciwitli, and adding the necessary (piantity 
of water; in our case 10-91 c. c., for 5 : 5-08 17 ;; lOOO : loiO-91. it’ 
the litre fla.sk will hold above the m.ark, tl»is 10-91 c. c., it is simply added, 
otherwise it is put into the dry bott le destined to receive the iodine .solution, 
the iodine solution added, tlie whole shaken togetlier, a portion of tlie ihiid 
J'Otumed to the llask, sliaken, poure<l back into the bottle, and the whole 
sliaken again. 

I'he solution of hyjiosidphite may now he diluted in a oorro<]W)ruling 
laamior. Tn our case we .sliould liave had to add 27*11 c. c. wat- r to IttOt) 
C' of the .solution, as will he semi from the following considorat iou ; — • 

^**’2 c. c, of the original iodine solution correspond to 2>) < 
hyposulphite sohition. 

•j 1000 c, c. corre.s])ond to 990*1 c. c. 
how these 1000 c. c. were made up to 101(;-91 by addlti<» 

I orefore we make up 990-1 c. c. of the hyposulphite (U' .'^oda to tlie same 
V by addition of water wc shall have ecpiivalent solutions. lienee, to 
“^1* 1 c. c. we must a«bl 2G*8 l c. e. water, or to 1000 c. c. 271 1 water. 

n .such cases of dilution, I abvays prefer to take exact Iv I litre instead 
. ‘01 uneven number of c. c., as in measuring tlu' latter errors and 
Oiacciiraeies may readily occur; 1 lyive therefore, .ahoio, recommended th^ 
1200 c. c. of tlie fluids, so that after their determination 


of the 


of water; if 


1000 


0. c. may bo sure to remain. 


The actual Analysis. 

Weigh and dissolve tlui iodine to be determined as in 1 , d, (p. 325), add 
yposulpliitc solution from the burette till dec-oloration is just pro- 
then 3 or 4 c. c. starch solution, then iodine sedutiori from a second 
• bicipient blueness. The substtiiice contains the same amount of 

111 ' hodine solution corresponding to the hyposulphite used 

the c. c. of tlic former used to destroy the exta-ss of the latter. Where 
® solutions are of equal value and 1 c. c. corresponds to 0*005 grm. 
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iodine, the calculation is in the highest degree simple ; for suppose ueluj 
used 21 c. c. NaO, O, and 1 c. c. iodine, the (juantity of iodine d^. 
is U-lOU grm. ‘ 

21-1 - 20, and 20 x 0*005 = 0*100. 

d . Keeping of the Solutions. 

The iodine solution and the hyposnljdntc solution arc kept in oJi;. 
stoppered bottles in a. cool, dark place. The fornun* then snilei-s no alters 
lion, and tlie latter also is stable or only slightly liable to cliaiige. Cautidii 
demands, that the relation between tlie two solutions should l)e 
before each new series oi’ ex[)erinients. The known amount of iodia,, 
in the iodine solution is and always remains tlic basis of the process. 

If a fluid contains free iodine in ])r('scnce of iodine in a state of (‘omhina- 
tion, the former is determined in oiui ])ortion, by either of tlio procidiniT 
methods (1, 2, or o), ;md the total amount of iodine present in anotlu r ]ior- 
tion. To this end, sulphurous acid is added until the fluid apjK ars cdlor- 
le.ss, and then solution of nitnite ofsilver (§ I If), 1., u); the mixture isdij^p-stod 
with nitric acid, to nanovc any sulphate of silver that might have Ixjeu 
thrown down along with tlie iodide, filtered, v'ic. ; or the fluid is distillwl 
'with S(?squichloride of iron, as directed in § 145, J., c, 

§ M7. 

4. IIvDHOcvANic Acid.* 

1. Determination. 

a. Tf you have free hydrocyanic, acid in solution, mix tlu' soliilion, in a 
rather dilute state, with a solution of nitrate of silver in e\c('ss, add a littio 
nitric acid, allow* to settle w’ithout warming, and determine the pri'ei])ital('il 
cyanide of silver either Ipy collecting on a winghed filter, drying ai bH> 
au<l w'eighing (§ 115, .4), or by collecting on an unwidghed filter and cnii- 
verting into metallic silver. The latter o[)eration is ])erf‘ornied by igiiiiinir 
th(‘ ]»i*ec;pitate in a porcelain <;rucible for | hour, or till it ceasi.'s to loso 
w*eight (11. Ivose). 

If you w'ish to d(;termino in this wuiy tlu; hydrocyanic acid in hitter 
almond water or cherry laurel w’at(‘r, add ammonia afler the addition ul the 
solution of nitrate of sihuu- till the fluid has b('eome char, and at onee 
supersaturate .slightly with nitric acid. TJiis modification of the process b 
indispeinsable to preci])itate from the.se fluids the whole of tlie hydrocyanic 
acid as cyanide of silver. In measuring a fluid containing hydrocyanic acid 
with a pip(!tte, have a little tube filled with granulated soda-linio hctwecii 
the latter and the mouth. 

b. Lieiug’s Volnnietrie Method .^ — If hydrocyanic acid is inixcal ’"ith 
pota.ssii to strong alkaline rea,ction, and’a dilute solution ot nitralc of sibei 
is then added, a permanent turbidity of cyanide of silver— or, if n k'v 
drops of solution of cliloride of .sodium liavc been added (w'hitdi is alwa}^ 
advisiible), of chloride of silver — forms only aflei* the w hole of the cyauegrii 
is converted into double cyanide of .silver and potas.sium. The first di op 
of solution of nitrate of silver adde<l in exce.ss jiroduces the p(a*inaiiei> 
jprecipitate. 1 e<|. silver con.sumed in the process corre.spond.s, thcridou’, 

* With regard to Herapatlfs colorimetric method, which is fomidod on thy 
^d^the color of a solution of persulphocyanido of iron, compare Chcui. buz., «> 

t Aunol. d. Cheiu. u. Pharm. 77| 102. 
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iftlv to 2 cq. hydrocyanic acid (2 K Cy + Ag <), Ag Cy, K Cy 4- 

1 () N 0 ). A dccinonnal solution of nitrate of silver, cont-nning conse- 
^ itlv iV!- 797 should be used; 1 c. c. of this solu- 

JncsiwiKla" to O-OOol of liydrocyanic aci.l. Jii examining nieilicinal 
v,li' 0 (.vamo acid, 5 to 10 grm. ought to be usc<l, but of bitter alinund 
■,UT about 50 gnu. ; il' exactly n-l or 54 grm. arc used, the c. c. ol the 
'i'lver solution, divided by 10, or by lOO, c.x|, reason exactly the ,.ercentago 
;-,f l,v,lrocyanic acid. Meilieinal liydrocyauie acid is suitably diliitei hist 
bv iiddiiK^ from 5 to 8 volumes of Avater; hitter almond water also is 
iiniitly dduted; if turliid, alcohol is added until the turbidity disappears. 

Litniii has examined hydrocyanic acid of various degrees of dilution, and 
lias obtained results by this method corresjionding exactly with tliosi' ob- 
tiineil by a. la this method it docs not matter whether the hydrocyanui 
acid contains an admixture of hydroehlorie acid or formic acid. A cun- 

sidcral lie excess of potassa must be avoided.^ ^ 

11' it is intended to determine (‘yanide ol potas.sinm by this method, a 
solution of that salt must be jirepared of known stnuigth, and a measured 
quantity used^jontaining about D-1 grm. of the salt. Should it eontaiii^ 
sulphide of jiotassium, a sniaii (luantity of freshly jirecipitated carbonate ut 
load must be lirst added, and the solution liltered before pirocccding to the 

dotonuination. i i i 

r. Foimos and Gklis’s Vohnnrfnc Method* Tins methcMl is loimded 

upon the reaction of iodine upon cyanide ol potas.sinm :t K (.} -i- 2 
K 1 + I Cy. 2 cq. iiiiliiic -- 254 correspoud iicconliiigly to 1 oq. cyauoycii 
-•'(;, or to 1 eq. hyarocyiiiiic aci.l .. 27, or to 1 di. cyaiiitlc of i...la,-,uum 

The ioiliiio solution i.s prc|.ar(-l according to I he directions of lid. U 
you have to oxaiiiiiic free hydrocyanic acid, mix the lliiid caul ions y with 
solution of soda to alkaline reaction, add water containing (‘.nbioiM .n u 
(StilUer or soda water), to convert a possible exeess ol alkali into be ai .>o- 
iiaU: (the fluid must not turn turmeric piaper )>rowu), and ih. ii iodine 
s 'liition, until the Iluid whieli was previously colorless becomes p.-nuaneutly 
ydlowisli. For the analysis of cyanide of potassium, ]>repa!'o a lluid 
d' known strengt.li, and use. a volume eontaming tdnmt o ii.» ^>l Iho 
addition of carbonic acid water is necessary in the pii-io.>>. lo 
‘vuiiide must contain no sulphide ol‘ piotassinm. '1 ho method giAet^ s.itia- 
betory results. 


II. Separation of Cifanotjen from the Metah. 

In Cjianides of the Alfali Motals. \ -ft 

^lix the substance (if solid, without previous s.)lutit>n in wattw) witJi 
C'^^es.sof nitrate of silver solution, then add water, fmallA mine aeul in slight 
allow to settle without warming, and determine the cNamde ol silver 
h, a. The bases are determined in the liltrale alter siqiarating the 
of silver. 

In CpanideSj which are, easihf decomposed hp, <oe/ soluble in, Isitnc 

oi'ki 

Wgestfor some time wilh nitrato of silver, .■.ili i ing frequently, + then 


Jouin. do Clliin. ot do I’lmrin. 23, 48 ; .hiiini. I- od, 

. ^ t Moutionea first by Serullas and W older. 

- boublo cyanide of nickel and potassium yields bv tlo.'^ process a mixture of, 
posed silver with cyanide of nickel. Other double c\ . 


V till.'! proccs'i u iiiiAtuio wi, 
vaiiules are similarly decom- 
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acid nitric acid in moderate excess, and digest at a gentle licat, till tl,e 
foreign cyanide is fully dissolved and the cyanide ot silver has becomo 
and quite wliito. Then filter. As a precautionary measure it is wdl 
to test the mehil obtained by long ignition of the cy.'inide cl silver, 
whether it is free from tliose metals which were combined with tlie 
cyanogen. 

c. In Ctfnnidc of Jferni rtf. 

Precipitate the aqueous solution wuth sulphuretted hydrogen; tlu' sul- 
phide of mercury may be filtered without difficulty if a. little auiinonia or 
hydroeddoric acicl be added ; it is determined according to § 1 bS, ;b 1| tlio 
compound is in the sernl condition, the cyanogen may be dett^riiiiiiol in 
another portion by ignition with oxide of cop|>('r, the idtrogen and carlioiiic 
acid being collected and separated (c.onq). organic analysis). 

H. Rose and Finkenf.u^ liave, after much trouble, at last siiccc'cdcd In 
finding out a method for determining cyanogen with precision also in solu- 
tions of cyanide of morcury. Mix the solution of the cyanitlc:ol inoniny 
with uitTate of zinc dissolved in ammonia. To 1 part inerciiry-silt 
add al)out 2 jiarts of* the zinc-salt. Add to the clear solutid sulplinnttnl 
liydrogen watur gradually till it prodii(*es a iHudectly white precipitnn' of 
sulphide of zinc. M'lie jaa^cipitate, which is a mixture of tlio siilpliidos ol 
mercury and zinc, s('ttles well. After a (piarter of an hour filter it off ;iii>l 
wash with vc'ry dilute ammonia. The lillrate contains cyanide of zinc (lb- 
solved in ammonia, together with nitrate of ammonia. It does not siiR'llol 
hydrocyanic acid, and consequently no esca]>e of the latter tnloj^ 

J\rix it with nitrate of silver and then add dilute sulpbnric acid in (>x(m 
'J’lie cyanide of silver is next washed a little by decantation, tlic!i--t^ 
free it from any cyanide of zinc simultaneously ])recipitated— heatcd wttj 
a solution of nitrate of silver, finally filtered off, washed, and diffciiiiii.o 
afler 1., u. The j)recij»itated sidpldnles maybe dissohusl in aqua 
and the mercury ])recipitato(l as sidichloride according to § 1 IM, 2, n. " 
te.st-analyses commuidcated by Rose yielded (‘Xcellent results. 

d. In coiiijtomuh dcromposohle hi/ Oxidr of J/c/rmn/ m the 11 et 

Many simple cyanide.s, ami also double cyanides — both of ^ 

racter of the (hjuble cyanide of nickel and jKitassium, and ol the lim' 
ferricyanidcs (not, liowever, cobalticyan ides)-— may, as is Avell kiiovn, 
completely deconq)osed by boiling with excess ol oxide of meicuiv 
water, all cyanogen being obtained as cyanide of mercury, and the me a 
passing into oxides. , 

JI. Iio.SE (/oe. (■it.) has shown, that Prussian blue, ferro- 
cyanide of potassium, more particularly, may fie readily analjsi^A m 
manner. _ ..j 

Ihul a few minutes with water and exres^ of oxide of nnu'cnr} / 
plete decomposition is effected, add — in order to render the 
iron and oxido of mercury removable liy the filter nitric acK 
portions, till the alkaline reactio!i has nearly disappeared, filter, j'-' 
hot water, dry the precipitate, ignite — very gradually rnising . 1^' ,• 
under a hood (with a good draught), and weigh the sesf[Uioxi‘ c ^ 
remainijig. In the filtrate tlie cyanogen is determined according 
any potassa that may be present is estimated in the fluid filtcrm 
cyanide of silver. 


* Zeitsclir. f. anal. Chem. 1, 288. 
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e. Determination of contained in Ci/anides icifh decomposition 

and volatilization of the Ci/anor/en. 

Of the various means for completely decomposing compounds of 
cYiuiogcn, especially also the double cyanides, according to TI. liosi: (/oc. 
citf tliree particularly arc worthy of recommendation, viz., concentrated 
sulphuric acid, sulphate of mercury, and chloride of {unmonimn. The 
nitnitcs seemed decidedly less suitable on account of their too violent action. 

a. Decomposition by Sulphuric Acid. All cyanogen compounds, siinplo 
or double, are completely <hicomj)Osed and c.onverted into siiljdiates or 
oxides, as the case may 1)C, if treated in a [towdered condition in a platinum 
dish or a capacious platinum crucilde with a mixture of about .‘) p)artscon- 
couluited sulphuric acid and 1 ])art water, and heated till almost all the 
.miljiliuric acid has been expelled. The residual mass is then free from 
evanogen. It is dissolved in water, il‘ necess;iry with addition of hydro- 
cliloric acid, and the oxides determined by the usual methods. 

p. Decomposition by Suliuiate of Mercury. Of the combinations of 
oxide of mercury with sulphuric acid, those suitable to our present pur- 
pose arc the niutral and the basic (Turpeth mineral). The substance is 
niixod with (5 parts of the lattoT, heated in a ]>latinum crm^ible gradually, 
and filially maintained for a long time at a red-heat, till all the mercury 
lias volatilized, and the weight of the cnuuble remains constant. If 
alkidioa are present, a little carbonate of ammonia is added during the 
liiial ignition, from time to time, in order to convert the bisul[)hat('s into 
neutral salts. The residue may usually be analysed by simjile in atiuent 
t'illi water, in the ease of ferrocyanide of pota.'^sium, for instance, tlu' 
sulphate of ])otassa dissolves, and pure (alkali-tree) sesquioxidc d’ iron 
I’oiiiaiiis behind. The test-analyses that liave been communicated \ ii Idinl 
exoellcnt results. 

y Decomposition by Chloride of Ammonium. IMix the substaueo with 
twice or thrice the amount of this salt and ignite the mlxtiua' ukhI. icUoly 
ni a stream of hydrogen (ajqiaratus, p. 17;'), tig. (>1). From ih" corded 
mass water extracts alkaline metallic chloride, while the rediiribh metals 
rouain hehliid in the metallic state. The method is peculiarly m la] tied for 
the analysis of double cyanide of nicked and j)Otassium ami eol >altiryanide 
d poUissium, not so for iron compounds, since the iron (diiaiued is not 
but contains carbon. 

one of the methods described in e is employed, tin' nitrogen and 
(the cyanogen) must bo determined by a combustion, it’ au estima- 
tiou by the loss is not suthcieiit. 

/• i^^^etcnnuiation oft/ie Alhilics, especialhf of Ammntiia in Snluhlc Fervo- 
<^!imidi's. y t j j 

t^Iix the boiling solution wdth a solution of cldoride ol' ('op[>er in moderate 
^llor offtho preei])itated ferrocyanide ofeopjKT, frrr the filtrate Irom 
of sulphuretted hydrogen, and then drimuiiie the alkalies 

^^i^nmetrio Determination of Ferro- and Ferrirpaaoijen. 

Fi. HE IIakn. Thi.s method, devis.'d in mv laboratory, is 
minded upon tlie sim])le tact that a solution of iriTix-vaiiide of t>otassium 
J*' ' ''dth sulphuric arid or xvith hydnxdilor'u- ;u‘id (and which may 
^J-^^oidiiigly be assumeil to contain free hydroli'rrorx anic acid), is by addi- 
of permanganate of jxitassa converted into tlu' corresponding forri- 

* Journ. f. prakt. Cheiu. Ga, iriJl. 


'll Stduhle Ferro- 

p[>er ill moderate 
■the filtrate from 
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cyanide. Tf t]ii.s conversion is cflected in a very dilute lliiid, coiiiainin-r 
about 0-2 grill, ferrocyanide of pota.ssinm in from 200 to oOO (■. c,, ii,,, 
termination of the reaction i.s clearly and immistakalily indicated |,y tt, 
cliange of the originally jiure yellow color ol tlie lliiid to reddish-yellow. 

Tlie process requires two tcast iliiids of known strengtli, viz., 

1. A solution of pure ferrocyanide of potassium. 

2. A solution of permanganate ol poOtssa. 

The former is ])re})ared by di.ssolving 20 grm. jierfeclJy pure .'itid dry 
crystallized ferrocyanide of potassium in water to I litre ; cadi c. i, 
iherelbre contains 20 mgrm. The hitter is diluted so that soiiK'wliat 
less than a biu'ctteiiil is required lor 10 c. c. of the solution ol fcrrocyaiiidij 
of potassium. 

To determine the strength of the permanganate of jiolassa solution in 
its action uj>on ferroc'yanide ol’ ])otassinm, measure oil’, liy means of a siiinll 
pipette, 10 c. c. of the solution of ferrocyanide of ]H)tassimn (coiilainiiiL^ 
0-200 grm.) dilute Avith about 250 c. c. water, acidity with hydrodiloric 
acid, jilacc the glass on a .sheet of wliite piqier, and allow the pennaiiganatn 
to drop into the iluid, stirring it at the .same time, until tke cliaiigc from 
yelloAV to reihllfih-yoWow imlicates that the conversion is complete.* Hi- 
petitions of the <‘.Nperim('nt always give vciry accurately corresponding 
results. If at any time you have reason to su.sjieet that tlie ])crni:iiiganaic 
lias sn tiered alteration, reeonr.se must be had again to this experiment. 

To determine the amount of n'al ferroeyanidu ol pota.ssiimi contained 
in any given sample of the conimereial article, dis.solve 0 grm. to ihiO c. m; 
take lO e. e. of this .solution, and examine as just directed. Suppose, ui 
d(;termining the .strength of the pernianganati', y-ou linvi; used 20 c. e, 
and you Ihid now that ih e. e. is snlliei<’nt, the simple rule-ol-thrcc sum, 


20 : 0-200 :: 10 : x 

will inform voii liow mneli jiure fernx-yanide of potassium 0-2tt0 grm. yi 
the analysed .salt contains. And even this small ealcnlation may he 
jiensed with, by diluting tlie jiermanganato .so that exactly oO c. c. ecu*' 
spiond to O-2t)0 of ferroeyanide of |)()la.ssiiim, as, in that i-asc, the leini i<r 
of lialf-c. e. consnnied exjires.scs directly the percentage ol the louo 
cyanide of jjotas.simn present in the analy.sed salt. 

lnste;id ol’detennining the strength of the jiennanganale by means oljiato 
ferroey-anide of jiota.ssiiun, which is nmjue.stionably the best Avay, out o 
the niet]iod.s given in § 112,2, may ahso he enuiloyed; bearing iii ' 


in tliat ease, that 2 ef[. ferrocyanide of j)otassium — ■* t ^ 

tliG Avater of erystallization), 2 eij. iron dissolved to jirotoxide - 
1 eij. oxalic acid -- 03 (togetlier Avitli the Avater of liydration and 
lization) arc cipiivalcnt in their action upon solution ol permangana 
pota.ssa. ^ 

The analysi.s of soliihh; ferricyanidcs by tlii.s method is elicc m 
reducing them to ferroeyanides, acidifying, and then 
same Avay a.s jn.st nOAV de.serilied. The redm-tion is elfected as le 
Mix the Aveighed Ibrricyanido with .solution of sotla or potassa ni • 
boil, and add concentrated stiliition of sulpliate of protoxide oi 
dually, ami in small portions, until the color of the 
black, whicli is a sign iliat jirotose.sipiioxide of iron has j>i“3ip' ^ 

* Tf you wish at first for some additional evidoiico be.sides the if 

to a droj) of the mixture on a plate, a droj) of solution of sesquichloride e ir 
fails to produce a blue tint, the couverHion is accouqilished. 
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Dilute now to .300 c. c., mix, filter, and proceed to determine tlio ferro- 
^yunicle in portions of 50 or 100 c. c. of the fin id. As tlie s[)aee oeeiipied 
by tlie ])recipitate is not taken into account in this process, the results arc 
iiot ahsolntely accurate. Tlie dillerence is so very trifling-, however, tliat 
it may safely be disregarded. 

Insoluble ferro- or ferricyanidcs, deeomjiosable liy Ixiiling solution of 
]X)t:is«i (as arc most of these comjiounds), are analysed by boiling .a wciglied 
s;miplc sufficiently long with an excess of solution (d‘ ])otass.a. (adding, in 
tlio case of ferricyanidcs, suljdiate of ]>rotoxidc of iron), and then [)ro- 
ccoding in the same Avay as directed above. 
jl After hi. Lmnsskn. 

Fcrricyanides may be analysed also by another method, also devised 
in my laboratory. It is founded on the fact that, when ferric'yaiiide of 
potassium, solution of iodide of jiotassiinn, .and concentrated hydrochloric 
acid arc mixed togetlu'r, 1 e({. iodin(‘ (1:^7) separates for every eq. ferri- 
evanide of jiotassium (320-5): II.|(lfdy + U 1-2 lively + 1. By deter- 
mining the liberated iodine aecording to § 1 I fi, we learn the quantity of 
the ferricyanide of potassinin. Lknsskn obtained in 4 GX]H‘riments respec- 
tively, Oli-22,— 10T7, — 102-1, — 100-5, instc.ad of 100. The fluid should 
not he diluted till aftc'r th(‘ addition of hydrochloric acid. C. AIoiii; 
olitaincd still more accurate results, as he avoided the formation ofln’dro- 
ferrucyaiiic acid by adding solution of suljdi.ato of zinc, thus obtaining, 
instead of the former, ferroeyanide of‘ziuc, which is not in tlie lca.st decom- 
posed hy iodine, lie directs to mix the dilute .solution of tlie lerricyaiiide 
of ])otassimn with iodide of potassium and hydrochloric acid in c\c( ss, 
add an excess of iron-free sniphatc; of zinc .solution, neutralize tlu- I'rcci 
acid with bicarbonate of sod;i added in slight excess, and determine the 
separated iodine according to § MO, 3. 
y. After E. BoiiLiu.f 

In the case of a fluid containing fi'rnxyanidc of potassium, and also 
sidjiliocyunidc (for instincc, the red li<|Uor of the jirussiatc work-), the 
iiictliod given in a cannot be employed, as tlie bydrosnlpliocvaiiic .acid 
dso rediicGs permanganic acid. The following method — dc])cndiiig on 
die prcei|)itatioii of tlu; fcrrocyanogen with solution of snl^diatc ol' copiper 
--inay then be u.sed ; it is accurate enough for teclmical pmrpost s. Dis- 
solve 10 grm. jmre snljdiatc^ ol‘ co]>]H-r to 1 litre, also 4 gnu. jnirc' dry 
teiTocyaiiide of •potassium to 1 litre. Add to 5t) c. c. of the latua- sedution 
('dueh contain 0-2 grm. fi'rrocyanide of potassium) copper s(diition from 
I'Urette to complete prccipitition of the fcrrocyanogen. In order to hit 
dds point exactly, from time to time dipj a strip of filter-] taper into the 
'J'owiiish-red fluid which will imbilic the clear filtrate, leaving the prcci- 
I'l’iite of ferroeyanide of cojijier behind. At lir.st the moist strips of paper, 
"don touched with scsqiiichloride of iron, become dark bine, the reaction 
?-i'hially gets weaker and we.aker, and finallv vanislu's ahogctlier. Wo 
know the value of the cojiper solution with referenee to its action on 
‘‘’’rocyanide of potassium, and can, therefore, by its means test .solutions 
^"•'taiiiing unknown amounts of ferroeyaiiogon. If alkaline metallic snl- 
P ‘idc.s are present, they tire first removed liy boiling with e.'irbonato of 
yd. After filtering off the sulphide of letid, acidity with dilute sid- 
I'diiDc acid, and then proceed. 

d, Chem. u. Pharin. 105, 62. 


f Polytochn. Xoti7.blatt, IG, SI, 
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5. IlYDRosuLriiuiiic Acid. 

1 . Dcierminaiion. 

Suljiliuretted Iiyilro^cn in tiie free state is most readily and very accu- 
rately determined by volunictric analysis, by means of iodine; it may al,,, 
be determined by conversion into a suiUible sulplnde or into snl[)liate of 
baryta, and weighing. 

< 1 . The method of determining free sulphuretted hydrogen liy V(,]i|. 
metric analysis, by means ol’ a solution ot iodine, was eni[)loye(l first liy 
Dupasquikr. That cliemist jisimI alcoliolic; solution of’ iodine fur tin; 
j)urj)Ose. But as the action of the i(»dine u])ou the alcohol gradnally aliors 
the composition of this solution, it is better to use a solution of iodine in 
iodide of potassium. The (h'compositiou is ;is follows : 

II S + 1-11 I+S 

1 eq. 1=127 corresponds, thoa.'fore, to 1 eq. II 8—17. llownver, tliis 
exact decomposition can be ndied u])on with certainty only if the arnoLint 
of siil|)huretted livdrogen in the fluid to be analysed does not excecil (Mil 
percent. (Bunskn). Fluids containing a. larger jmoportion of snl|)liiii(‘tt(d 
hydrogen must tluTeforc first be dilutxHl to the rectuired degree with lujllcd 
water cooled out of the conDict of air. 

The iodine solution of § MO may he used for the estimation of Inrgor 
quantities of sidphnretted hydrogen ; for weak solutions, c.//., snlghurettcil 
iiuneral water, it is advis;d)Ie to dilute the iodine solution of § 11(1 to 0 
times the volume, which accordingly will give a fluid containing ahoiit 
0 01 1 1 grm. iodine in the c. c. 

The process is conducted us follows: — 

]\Ieasuro or weigli a e<‘rtain «pnmtity of the .snljdiundtcd water, dihite, 
ifre(piired, in the manner directed, acid some thin .starch -paste, aiyl then 
solution of iodine, witli constant .shaking or stirring, until the permanciit 
blue color begins to a] )pear. The result of this experiment indicates ap- 
proximately, but not with positive accur.aey, the relation helween the 
examined wates and the iodine solution. 8ii])[)Ose you have eonsniiicil, 
220 c. c. of the sulphuretted water, 12 e. c. of a solution of iodine eeii- 
taiiiliig 0*(j()Uy 1 8 grm. i<xliiK; in thee, c.* Introduce now into adlask nearly 
the quantity of iodine solution required, add the sulpliurefted water la 
quantity either already determimid, or to bo determined, by weight ei 
measure ;t tlien to the c()lorIes.s fluid add thin starch-paste, and after tins 
iodine .solution until tlie blue color just begins to show. By this eonise 

of jjrocecdi ng, you avoid tlic lo.ss of sulphuretted liydrogcn which y 

otlierwiso be caused by evaporation and oxidation. In my analysis e 
the Weilljach water, 2r>G c. c. of the water rcajuired, in my second expeii 
mciit, lG'2n e. c. of iodine solution, which, calculated to the qnanUt} 
of sulphuretted water used in the first experiment, viz., 220 c. c., nia 'Cb 
13 9 c. c., or 1‘9 c. c. more. 

But even now tlie experiment cannot yet ho considered quite eniit 
Rive, when made witli a solution of iodine so dilute; it being still 
to ascertain how mncli iodine solution is required to impart the 
tint to the same quantity of ordinary water mixed with starcli-pie^l''’? e 

* The numhera here stated are those which I obtained in the analysis of d 
Weilbach water. 


t Compare Experiment No. 91. 



IlYDROSULPHURIC ACID. 


635 


^ 148 .] 

temperature,* and aa nearly as possible in the same condition f as 
tiio analysed aulpburetted water, and to deduct tins Irom tlie (|iiantity of 
iodine solution used in the second cxi)eri merit. Thus in the ease men- 
tioned, I had to deduct 0*5 c. c. from the 1G*2() c. c. used. If the in- 
stnietions here given arc strictly followed, this method gives very accurate 
results (see Ihxpt. No. 01). 

b. Fn. iMoiiu’s method, slightly modified. 

Mix the sidphurotted iluid with a slight excess of solution of arsenito of 
soda of. known strength (determined by means of iodine solution, see 
^ 127, 5, u), and add hydrochloric acid to distinct acid reaction. Dilute 
to oOO c. c., jiass through a dry lilter, test a sanijde of tlie filtrate with 
suliilmrettcd hydrogen, to make quite sure that it still contains arsenioiis 
acid, and then determine in lOU c. e., aller addition of powdered biear- 
Ijoiiate of soda, the remainder of the arsenious acid left in it. Deduct 
tlio (jiiautity of iodine soluti(^ consumed in the last ])art of the process, 
mulliplicd by 3 (as only 100 of tire 300 c. c. have been operated uj)on), 
from that which cori-es])onds to the entire quantity of arseidons acid used 
ill the process: the remainder expresses the (piantity of iodine solution 
(■onvspoinling to the sulphuretterl hydrogen contained in the analysed 
Iluid. In making the calculation, bear in mind that 2 cq. iodine here 
(.’oiTespoiid to 3 e(p ][ 8, since I eq. As decoinjioses, on tlie one hand, 
;i H S, producing As and 3 11 (), and requires, on the other hand, 2 e((. 
iodine lor its conversion into arsenic acid. 

Very dilute solutions of sulphuretted hydrogen cannot be analysed by^ 
this method, as tlio sulphide ol'arsenie i?e])arating from them takes a long 
lime to dejiosit, and a minnle portion of it invariahly^ remains in solution, j 

c. i\lix the std])hnrette<l Iluid with an exee.ss of solution of arsmiite of 
poda, add hydrochloric acid, allow to dejiosit, and determine the siil- 
yiliide of arsenic as directed § 127. Tf the quantity of sid|)huretted hyilrogim 
ill the analysed Iliad is moderately large, the results obtained by this 
method are accurate (eomp;ire Idxpt. No. 3 1) ; but in the east.‘ of very 
dilute solutions, the results are too low, as a little tersuljdiide ol' arsenic 
remains in solution. Hence, in iny amdysis of the Weilbaeli water, this 
method gave only l)-00G()2 1 and (l•00f^t)04 ])er ltH)0, whilst water taken 
Font the well at the same time, and determined with iodine, gave ()-()07t)25 
ol II S per 1000. Instead of arsenious acid, solution of chloride of eojipcr 
or a .solution of silver may be employed as prooi})itant, and the sulphur 
determined in the suljdiidc of copper as sulphate of baryta (sei' JI.), or 
m the sulphide of silver as chhiride of silver. The results obtained by 
I'reeqiitating with chloride of eojqicr arc -i Iso too low, in the ease of very 
uilute thuds. As regards precijiitation by silver solution, 1 cannot yet 
ppeak from actual experience. Lyte|] recommends .solution of chloride ot 
silver in hyposulphite of soda, mixed with a few drops ol‘ ammonia, as the 

suitalde for the purjiosc. 

for the analysis of mineral waters, the method a will always answer 
Unless presence of hyposulphites should imj»air its accuracy. 

* Ann.al. d. Chein. u. Ph.ariii., 102, 18(5. 

t In this connexion I would recoinineinl, in cases where the sulphuretted water 
contains bicarbonate of soda, to add to the ordinary water an equal quantity of this 

h as its presence has a slight influence on the appearanee of the final reaction. 

.+ A solution containing in the litre 0‘003 II S did not give with a solution of arse- 
acid in hydrochloric acid, a precipitate admitting of filtration till after the lapse 
oHwelve hours. 

i] Comp. rend. 43, 705. 
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d. If tliG sulplniretted hydrogen is evolved in the gaseous state, and 
quantities arc to be determined, the bc^ way is to coiuluet it fi]\st tlini .4 
several bulbed IJ-tiibes (tig. 74, p. 31®), eontainiug an alkaline s()]i*ii||„| 
ot arsenito of soda, then through a tube connected with the exit oI'iIk Iv 
U-tube, wliich contains pieces of glass moistened witli solution of soda 1 ^, 
mix the fluids afterwards, and proceed iis in h or c. If, on tlu; otlu r li'm,! 
we have to determine small (juantitics of sulphuretted hydrog(;n contaiiKd iii 
a large amount of air, i^'c., it is well to ])ass the gaseous mixtnia! in (jiiosiliin 
in separate small bubl)les through a very dilute solution ol‘ iodine in io,li,j, 
of potassium, of known volume and strength, which is contained in a lon-r 
glass tube fixed in an inclined position and protected against sini-linlit" 
The free iodine remaining is linally estimated by means ol‘ a solntioii of 
liyposulphite of soda (§ 1 id); the dilference gives us the rpiantity of iodine 
which has been converted by sulphuretted hydrogen into liydriodir acid 
and consequently corresponds to the amount of the sulidiurettod liydniL'cii 
present. The volume of the gaseous mixture may lie known by niwisiiriia: 
the water which has escape<l from the aspirator used, 'flic arrangeiiK'iit of 
the absorption tub(! is the s.‘ime as is figured in connexion with tlie (krio 
minatiou of carbonic acid in the air (§ 27'), at the end). The lliiii i,da>> 
tube conducting the gas into t’.ie absorption tube, liowever, iiiiist not In? 
ja'ovided with an india-rul)ber elongation. 


1 1. Sepamiioa and Dcterndiuition of SufpJnn' in SidpJtiilcs. 

A . Methods uaskd on tiu: Coxvki.'sion ok tiik SuLniun into 
ScLpiiunic Acid. 

1. }f(:tJiod!i in the J>ni Woip 

n. Oj'idfUion hij A Ikidinc.NitnitPS (apjdicablc to all conqiounds ofsidjdnir). 
If the sul[thides do not lose any suljdiur on heating, mix the pulverized and 
weighed su!*stance with 3 jiarts of anliydrous carbonate of soda and 4 el 
nitrate ot potassa, with the aid ot .a rounded glass rod, wip(^ the ])articlesot 
the mixture which adhere to the rod (‘arefully otf against some (‘arhoiiate 
of .soda, and add this to the mixture. Ibait in a ])latinuin or ]*orcelaiii 
crucible (which, however, is somewliat atlect(‘d by the process), at a 
gradually increased tenqxa-ature to fusion; ket‘p the mass in that state for 
some time, then allow it to cool, heat the residue with wati'r, filter, and 
determine in the liltrate, which contains the whole of the suljdmr as alka- 
line sul])hate, the sulphuric acid as directed in § 132. The metal, nietallic 
oxide, or carl)onatc, which remains undissolved, is deU-rmiiu'd, according 
to circumsUince.s, either by direct weighing or in some other suilal)le way. 
In the jiresence of le.ad, l)cfore filtering, ])ass carbonic acid through tlie 
solution of the fu.sed mass, to precipiUite the small (piantity of that metal 
which has j)as.scd into the alkaline solution. 

Should the sulphides, on the contrary, lose si dphuron heating, thcliimlv 
powdered com[)OLind is mixed with 4 parts carbonate of soda, ^ 1’*“^’^^ 
nitre, and 24 parts j)uro and perfectly dry chloride of sodium, and lliti 
process otherwise condmitcd as already given. 

h. Oxidation hi/ Chlorate <f Potaeaa. The oxidation of sul|)hitk'S hy a 
mixture of chlorate ol’ polassji and carbonate of sod;i h.as been rc'peatcj ) 
recommended. There is this advant'ige in connexion Avith it, viz., t'la 
the suljdiuric acid in the fused nia.ss may be more readily converted mt|’ 
pure sulphate of baryta than when nitrates are present ; on the othci hma , 
— at least with the proportions usually recommended: 1 ]>art suljyiab 
3 parts chlorate of potassa, and 3 parts carbonate of soda (or 4 part.s inixt 
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•arbonates) the process is attended with the inconvenience that many sul- 

^Inks e.g.j fohlcrz and sulphide ^of antimony, occasion very violent 
m)losious.* Also, with many sulphides, e.g.y iron and copper pyrites, the 
dL‘COinp<^^^tion is not complete (Fit. Mohr). In .these two respects there- 
fore we must be cautious in the use of this method. 

c O.vidatiofi hy Chlorine Gas (after Berzelius and 11. Rosk, especially 
suital)le lor sulphosalts of complicated composition). 

The following apparatus, or one of similar construction, is used : — 



Fig. 75. 

d is the evolution flask, f B contiiins concentrated sulidiuric acid, C 
diloride of calcium, D the suRshmee, E is the receiver containing water 
(ur-^in the presence of antimony — a solution of tiirtaric acid in dilute 
liydi'ecliloric acid), F is a U-tube also containing water, G camduets the 
^;sci|)ing chlorine into a carlniy filled with moist hydrate of lime. 

Wboii the apparatus is arranged, the sulphide to be examined is weighed 
a narrow glass tube sealed at one end, and subscipiently cautiousl}' 
tninsforred from this tube to the bulb, in the 
Planner illustrated by fig. 70, so as to jirevent 
portion of the substance getting into the 
the bulb-tube. 

hheu the apparatus is filled with chlorine, 
connected with C, and the chlorine is 
I to act on the sulphide, at first without 
. '^id of heat. When no further alteration 
observed — the receiver E being full of chlo- lig- 76. 

very gentle heat is applied to the bull>, 



ip • Annal. d. Chem. u. Phana. 107, 128. 

one Vi'i*’ ^ cofd mixture of 45 parts of sulphuric acid and 21 of water, over 

an(l*^n 1 l'^*^^** chloride of sodium and 15 of finely powdered hinoxide of manganese, 
Bliow^ • when a steady evolution of chlorine will at onco begin, which, when it 
of slackening, may be promoted by a gentle he;it. 
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care being taken also to keep the tube 0 warm, securing it thus from 
stopped up by the sublimate of a volatile chloride. The sulphide, is com 
pletely decomposed by the chlorine, tke metiils being converted into chlo- 
rides, which partly remain in the bulb, partly — (viz. the volatile ones, 
chloride of antimony, chloride of arsenic, chloride of mercury) — pass ovoi 
into the receiver ; the sulphur cond^in^s with the chlorine to chloride of 
sulphur, which passes over into where, coming in contact with ^vattr 
it decomposes with the latter, forming hydrochloric acid and liyj)(). 
sulphurous acid, with separation ol‘ sulphur. The hyposul|)hurou.s add 
decomposes again into sulphur and suljdiurous acid, whicli latter is at last, 
by the action of the chlorine water in converted into sulphuric aclil 
The final result of the decomposition is consequently sul|)huric acid and a 
greater or less amount of se{)arated suljduir. The o]xu‘ation is cuncludLd 
when no more products — with the exception, perhaps, ol’ scsquichloridc 
of iron, the complete expulsion of which need not be awaited— pass over 
from tlie bulb. Ilcat is then applied to the bulb-tube, i)r()cccdinj^^ from 
the bulb towards the bend, so as to force all the chloride of suljdiurand 
the volatile metallic chlorides to pass over into K, or at least to occupy 
the end of the bulb-tube. 

The apparatus is left undisturbed a short time longer, after which tlie 
tube is cut off under the bend at 0, and the separated end, which generally 
contains a portion of tlic volatile chlorides, closed by inverting over it a 
glass-tube scaled at one end and moistened inside. The whole is now 
allowed to sbmd 24 hours, to allow the volatile chlorides to ab.sorh moisture, 
which will render them soluble in water without gcuierating heat. Tlie 
metjdlic chlorides in the cut-off end of the tube are then dissolved in dilute 


hydrochloric acid, the end is rin.sed, and the solution added to the con- 
tents of the tubes E and E ; a very gentle beat is now applied until the 
free chlorine is ex{)elled, and the fluid is tben allowed to stand imlil the 
sulplmr has solidified. T'lic sulphur is filtered olf on a weighed liltcr, 

washed, dried, and weighed. ^J'he filtrate is jireeipitated with chloride ot 

barium (§ 132). by which operation the amount of that jiortioii ol the mil- 
|»hur is determined which has been converted into sulphuric acid. Ihf 
fluid filtered from the .sulphate of baryta couhiiiis, besides the excess ol 
chloride of barium ad<led, also tlie volatile metallic chlorides; whicli luttit 
are finally detcrniincd in it by the proper methods, which will be l(mnd Jii 
Section V. 

The chloride remaining in tlie bulb-tube is either at once weighed as 
such (chloride of silver, chloride of lead), or where tliis i.s inipracticable-- 
as in theca.se of cojipor, for instance, which remains partly a.s subchloiue 
jiartly as chloride — it i.s dis.solvcd in water, liydrochloric acid, iiitroliynm- 
chloric acid, or some other suitable solvent, and the metal or metals m t le 

solution are determined by the methods already de.scribcd, or wh icin' 

lie found in Seetion V. To bo enabled to ascertain the weight o 
bulb-tubo containing the chloride of silver or chloride of load, it is ad' '•'.i * i 
to reduce the clilorides by Iiydrogcn gas, and then dissolve the iiieta s 
nitric acid. 


d. Oxidation hj Oxide of Mercury {(if ter Bun.sen). 

This method, wliioh will lie found in detail under “the dotcrnnm''fj^^^ 
of sulphur in organic bodies” (§ 188, u, 4), is jiarticularly 
estimation of Hnl[)hur in volatile compounds, or in substances vvliio i 
heated lose sulphur. 
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2. Methods in the Wet Way, 
a. Oxidation of the Sulphur ^ Acids yielding Oxygen * 


a Weigh the finely pulverized sulphide in a small glass tube sealed at 
one end, and drop the tube into a tolerably capacious strong bottle with 
rrl'iss stopper, which contains red fuming nitric acid (perfectly free; from 
sulplniric acid) in more than sufficient quantity to ofibet the decomposition 
of the sulphide. Immediately after having dropped in the tube, close the 
bottle. When the action, which is very impetuous at first, has somewhat 
abated, shake the bottle a little; as soon as this operation ceases to cause 
renewed reaction, and the fumes in the lla.sk have condensed, Uike out the 
stopper, rinse this with a little nitric acid, letting the rinsings run into tin- 
bottle, and then heat the latter gently. 

(in. Theivhole of the Sulphur has been oxidized, the Fluid is perjectl y 

Dilute with much water, and determine the sulphuric acid formed as 
directed in § 132, Do not neglect to wash the precipitate thoroughly witli 
hot water, and to ascertain, after weighing, whether it is absolutclv in- 
soluble in dilute hydrochloric acid. Separate the bas(;s in the filtrate from 
the excess of the s;ilt of baryUi by the proper methods, wliich will lu' 
found in Section V. If any considerable amount of nitric acid has been 
used, evaporate the exce.ss of the same after addition of some nitrate »^it 
potassa, before precipitating the sulphuric acid. 
hb. Undissolved, Sulphur floats in the Fluid, 

Add chlorate of potas.sa in small portions, or strong hydrochloric acid, 
ami digest some time on a water-bath. This process will often smaoed in 
dissolving the whole of the suljduir. Should this not be the case, and 
the iiiidissolved sulphur ap{)ear of a pure yellow color, dilute wiili water, 
collect on a weighed filter, wash carefully, dry, and weigh. Alter w elgbiiig, 
ignite tlie whole, or a portion of it, to ascertain whether it is p( rtin'tly 
pure. If a fixed residue rermiins (consisting commonly ol <piai t/. eaiigue, 
&c., but possibly also of sulphate of letid, sulphate ol l)arvta, ileduet 

its weight from that of the impure sulphur. In the tilt tin i iliiid deter- 
ml lie the sulphuric acid as in an, ctdculate the sulphur in it, and add the 
ainount to that of the undi.ssolvcd sulphur. It the residue b it u}>on the 
ignition of the undissolvcd sul|)hur contains an insoluble ^ulpllate, decom- 
pose dfis as directed in § 132, and add the sulpliur iimnd in it to the 
principal amount. 

hi the presence of bismuth, the addition of chlorat*' <>1 potassti or ot 
itydroehloric acid is not advisable, as chlorine interferes with the determi- 
uution of bismuth. 

,d- Mix the finely pulverized metallic sul])hide, in a dry llask, by shaking, 
witli powdered chlorate of poftissa (free from sul]>hm l(‘ aeid), ;uid add 
uioderately concentrated hydrocldoric acid in small pniiions. Cover the llask 
'vitli a watch-glass, ot* with an inverted small llask. When the whole of 
chlorate of potassa is decomjiosed, heat gent I> , fmally on the water- bath, 
the fluid smells no longer of chlorine. I’rocccd now as directed in a. 


. In presence of lead, baryta, stroatia, lime, tin, luul antimony, method h is pro- 

krabletoa. » J » » 

/^is can of course be the case only in absence of nu'tals iorming insoluble salts 
1 * “ ®nlphunc acid. If such metals are present, prooei-d as in bb, as it is in that case 
to judge whether complete oxidation of the sulphur has been attained. 

z 2 
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aa, or hh, according to whether the sulphur is completely dissolved or not. 
In the latter case you must of course immediately dilute and filter. The 
oxidation of the sulphur may be effected also by hejiting Avitli ordinal v 
nitric acid and chlorate of potassa. 

y. Strong nitrohydrochloric acid is also often used instead of the oxidl/.i,!^ 
agents named in a and /3 ; however, with this the complete conver.don of 
tiie sulphur into sulphuric acid succeeds more rarely. 

b. Oxidation of the Sulphur by Chlorine in Allcaline 
Eivot, Bf.udant, and Daguin. Suitable also for determining the dnlplmr 
in the crude article*). 

Heat the very finely pulverized sulphide or crude sulphur, for several 
hours with solution of potaasa, free from sulphuric acid (which dissolves 
free sulphur, as well as the sulphides of arsenic and antimony), and tlnn 
conduct chlorine into the fluid. This .speedily oxidizes tlie sulphur; tlie 
sulphuric acid formed combines with the piotassji to snlplmto, which dis- 
solves in the fluid, whilst the metals converted into oxides remain undis- 
solved. Filter, acidify the alkaline filtrate, and preciiiitatc the sulphuric 
acid from it by chloride of barium (§ 132). Arsenic and antimony pass 
into the alkaline solution in the form of acids, but not so le.'id, wliich is 
converted into binoxide, and remains completely undissolvod. This 
method is, therefore, ])articularly suitable in presence of sulphide of 
lead. In pre.sencc of sulphide of iron, sulphate of })Otass;i is fonnd at 
first, and hydrate of sesepuioxide of iron, which, if the action of the 
chlorine is allowed to continue, will be converted into ferrate of potassa, 
As soon, theiudbre, as the fluid commences to acipiiro a red tint, the 
tran.smi.ssion of chlorine mu.st lx; discontinued, and the fluid gently hcatol 
for a few moments witli powdered (puartz, to decompose the i’crric acid. 

It occa.sionally hapimns, more ])articularly in ])resence of sand, iron 
pyrites, oxide of coppr, that the process is attended with ini|)ctnoiis 
di.sengagemcnt of oxygen, which almost compdetely pmeveiita the oxidi/nn.it 
action of the chlorine. However, this accident may be guarded against by 
reducing the substtmees to be analy.scd to tljo very finest piowulcr. 

JJ. Mkthods Based on the Convehsion of the Sulphur into 
S ui.piJuuETTED Hydrogen or a Metallic SuLPiiinE. 

a. The determination of the sulpdiur in the sulphides of the metals of 
the alkalies and alkaline earths soluble in water is best effected— 

they are free from excess of sulphur — by J., b or c. The bases ‘iri, 
conveniently estimated in a sep)arate })ortion, which is dccomposec 
evaj)oration with hydrochloric or sulpduiric acid, or — when 
alkali-metals are pnesentr— by ignition with 5 parts of chloride of 
nium in a piorcelain crucible. If the said compounds contain excoss 
Bulpdiur they should be oxidized either by chlorine in alkaline 
treated according to 7i, c, or C ; if they contain hyp)Osulpdiite or sii P‘ 
proceed according to § 1 68. 

b. The sulpibur conbdned in alkaline fluids as mouosulpdude or liy^^^.^ 

sulphate of the sulpdiide may also be determined directly by yo un 
analysis, by means of a standard ammoniacal zinc or silver a 

former is added to the solution of the suljdiide of the jilter 

drop coining in contact with a drop) of ulkulino solution of lea T 

* Compt. Rend. 37, 835 ; Joum. f. prakt. Chem. 61, 134. 

•f Made by mixing ougar of lead, Rochelle ialt and solution oi s 
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paper, no longer produces a black lino (Fu. Mohr.* See Jilso § 248, 1, dy 
at the end). Or the latter reagent is added to the fluid — previously mixed 
with anmionia and wanned — till a further addition of silver solution to 
a filtered portion only gives a trifling turbidity (Lestkllk). The methods 
are especially adapted to technical purposes, e.g.j for the estimation of the 
sulphide of sodium in soda lies, &c. 

€, If all the sulphur can l)e expelled from the substance in the form of 
sulphuretted hydrogen by heating with hydrochloric acid, the sulphide 
niay he heated in a small flask with the concentrated acid to complete de- 
coiiipositioii and expulsion of the sulphuretted hydrogen — the latter being 
determined according to I., d, by means of a solution of arsenitc ol 
soda. If the subsUiiice is a fluid, tlie apparatus on p. 301 (for tlie expul- 
sion of carbonic acid) is to be recommended for the disengagement of tlie 
sulphuretted hydrogen. In the case of polysulphides, the sulphur sej»a- 
rated in the evolution flask is filtered off and weighed. 

C. Mktiioi) Based on the Separation and Weighino oe the Sulphui:. 

The following process has been advantagconsly employed by M. Mim:- 
THEUxj for the estimation of sulphur in alkaline polysnlphides : — 

Extract 10 grm. witli boiled water, make the filtrate up by washing io 
100 grm. or c. c., and transfer 10 grm. or c. c. (whicli contain tlie soluble 
part of 1 grm. of the substance) to a burette, with a glass cock, of 1<> To 
45 0 . c. capacity, wlio.se exit is cut off obliquely and also narrow. N<>\v 
add, shaking the closed burette from time to time, a solution of ii'illm' in 
iodide of potassium (L part iodine, I part iodide of potassium, .') ]iurts 
water) till it just ceases to be d(?colori/cd, and a portion of the fluid eea>t‘s 
to brown a piece of paper which has been s^iturated with solutii)U of i^ul- 
phate of iron and dried. Add 8 — 10 c. c. bi.sulphide of carbon, elos(‘ the 
hurette, place the finger on the stopper and si lake. Hold the Imrotio lor 
some time inverted, then turn it round, Jind run nearly iho wbob' of the 
solution of the sulphur in bisulphide of carbon into a weight'd di-li. add a 
fresh (piantity of bisulphide of carbon to the burette, mix, run tlie bisul- 
pldde again into the dish and repeat the operation once more. A tier the 
^evaporation of tlie bisulphide the residual sulphur is wt ighed. 

THIRD GROUP. 

NITRIC ACID. — CHLORIC ACID. 

§ 149. 

1. Nitric Acid. 

I. Determination. 

nitric acid in a solution containing no other neid is detonniried 
simply in th^olumetric way, by neutralizing with a dilute solution 
soda of known strength (comp. Special Part, “ Aeidimetry”). The 
^mowing method also effects the same purpose; mix iho solution with 
wyta Water, until the reaction is just alkalliu', ev.aporate slowly in the 
nearly to dryness, dilute the residue with water, filter the solution 
has ceased to be alkaline, wash the carbonatt' ef baryUi formed by 
action of the carbonic acid of the atinosjiliere upon the excess of the 
l^^ryta water, add the wtishings to the lillnite, and determine in the fluid 
baryta as directed in § 101. Calculate for i'ach 1 oq. baryta 1 eq. nitric 

* Lehrbucli der Titrirmeihoilc, ‘P’ Aufl. 3/9. 
t Zeitschrift fiir aualyt. Chom. 1. 3y0. 
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.*ici(I. Lastly, free nitric acid may also be determined in a simple marine 
by supersaturatinfr with ammonia, evaporating in a weighed platinunnlir 
drying the residue at 1 10" to 120", and weighing the Nil. O, N 0 (Schai v 
GOTSCH). 6V it- 


II. Separation of nitric acid from the bases, and determination of tk 
acid in nitrates. 

The determination of nitric acid in nitrates is an important and occa- 
sionally a dilRcult problem, which has of late years much occupied tlio 
attention of chemists. lleforo entering upon the consideration of tlie 
question, I would lay it down as a general rule, that whatever nietliod may 
be selected, it should always first be tried repeatedly upon weighed (jiian- 
tities of a pure nitrate, that some familiarity with tlie details of 
rather complicated proc(*sses may be acquired. Considering tlur grait 
number of methods that have been proposed, 1 shall confine mysclfto de- 
scribing the simplest and the best. 

a. Methods based on the expulsion of the Acid in the Dry Way. 

a. In salts of tlie heavy metiils or the earths, the determination of nitric 
acid may be effected by simple ignition of the anhydrous compound. If 
we are certain that the oxi<les remain in the same condition in which tlicy 
were contained in the decomposed sidt, the loss of weight indicates at once 
the quantity of nitric ac’id present. 

fl. In tlie case of nitrates, whoso residue on ignition has no constant 
composition, or liy wlio.se ignition the crucible is much attacked (idkaliiic 
and alkaline earthy nitrates), fu.se the substance (which nni.st be anhydrous 
and also free from organic; and other volatile bodies) with a noii-volatilc 
flux, and estimate the nitric acid from the loss. The following bodiesliavc 
been [)roposed as fluxes: — vitrified borax, by v. Sciiafkcotscii* ])iirtsot 
borax-glass to 1 jiart of the nitrate), bichromate of jiotass'i, by PKUZOzf 
(2 parts to 1 of nitrati*), and silicic acid, by Rkicu.| All three yield s;ifis- 
factory results, when the (;x]K;riments arc jierfiirmed with careful regtrd to 
the peculiarities of the individual fluxcs.|| Silicic acid is the best, as itiimy 
lx; readily procured, and the execution is the most easy and the most cer- 
tain to succeed. I shall describe the method in its application to nitnitu ot 
potasisa or soda. 

h use the latter at a low temperature, pour out on to a warm ])orct!l<'iii^ 
dish, powder and dry again before weighing. No\% transfer to a 
crucible 2 to 3 grm. powdered ipiartz, ignite well and weigh after cooling- 
Add about 0'5 grm. of the salt prepared as above, mix well, and con- 
vince yourself by the balance that nothing has been lost during juixing- 
The covered crucible is then exposed to a low red heat (jiust visiblo 
by day) for half an hour, and weighed after cooli% with the cover. 
The loss of weight rejmesents the (piantity of nitric acid. 
or chlorides are not decomjvoscd at the given temperature ; il a higbrn* 
heat be applied, the latter may volatilize. The action of reducing 
gases must be avoided. The tc.st-analyses, communicated by Kkioh 
cit.), as well as those performed in my own laboratory,lf gave very satislac- 
tory results. 

. * P«gg- Annal. 67, 260. , cr 

t K6j)ertoire de Chim. appliqu6o, 1861, 263; Zeitachrift f. analyt. Chem. h 
I Berg-und HUtteninannUche Zeitschrift, 1861, No. 21: Zeitschrift f. 

C'hera, 1, 86. » i » 

II Zeitschrift f. analyt. Ohem. 1, 181. % Ibid. 1, 184. 
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h. Method based on the distillation of the Hydrate of Nitric Acid. 

All nitrates may be decomposed by distillation with moderately dilute 
Rul])hiiric acid. The nitric acitl passing into the receiver may then be de- 
termined, according to I., voliunetrically or gravimetrical ly. /Fliis process, 
originally recommended by Gladstone,* has been lately cjirefully studied 
by II. Rose and FiNKENER.f 1 to 2 grin, of the nitrate should be treated 
Avitl) a cooled mixture of 1 volume concentrated sulphuric acid and 2 volumes 
water. For 1 grm. nitre take 5 c. c. sulphuric acid and 10 c. c. water. TIk; 
(listilL'ition may be performed either with a thermometer at 100° to 170 ' in 
a paraffin or sand-bath (dur.ation of the distillation for 1 to 2 gnu. nitre, 
0 to 4 liour.s), or in vacuo^ with the use of a water-bath. The latter ])ro- 
cess is the bc.st. In the former, the neck of the tubulated retort (which is 
drawn out and bent down) is connected with a bulbed U-tube;]: contaiimiL; 
a measured quantity of normal soda or potassa solution (§ 215). The dis- 
tillation tn vacuo may be conducted, without the use of an airqmmjt, 
according to Finkeneu, as follows: transfer tlie measured quantity ol’ w.nter 
and concentrated sulphuric acid to the tubulated retort, and the iiO(:ess;iry 
quantity of stand:ird ])Otass{i or soda solution diluted to 30 c. c., to a Jlask 
with a narrow neck of about 200 c. c. capacity. Then, by nieains of an 
india-rubber tube, connect the fla.sk with the retort air-tight, .so that the 
drawn-out point ot the latter may exteucl to the body of the tiask, and 
•—with tubulure open — heat the contents of the retort and of tin* ilask to 
boiling. AVhen the air lias been expelled from tlie aj)paratus l)y long 
boiling, transfer the salt (weighed in a small tube) to the retoiT ihrougli 
the tubulure, close the latter immediately, and at tlie .same tinu' take away 
the lamp. The retort is then licated with a water-bath, the Ilask being 
Kept cool. The quantity of nitric acid th.’it lias j)a.s.sed oi er i.s iinally 
ascertained by determining the still free alkali with stamla’ d acid. If it 
IS suspected that all the nitric acid has not been driven into the receiver 
jyone distillation, you may — by heating the flask ami cooling the retort — 
•dil the Avator back into the latter, and then the distill.ii iou from the 

may be repeated. The distillate thus obtained is always free from 
sti pniiric acid, hence the results are very exact, d'he base remains as 
i’ll pbate in the retort; In the presence of chloride add to the contents of 
ic retort a anflicioiicy of dissolved sulphate of silvnr, or — ^wheii much 
Cl oride is present — moist oxide of silver. The nitric acid is then obtained 
entirely free from chlorine. 


c. Methods based on the decomposition of Nitnitcs by Alkalies and 
Alkaline Earths. 

«• Nitrates, whose bases are completely siqi.aratml by caustic or car- 
tinv^ — provided basic sidts arc not pn'cipituted at the same 

anafysed by simjde boiling with an excess of standard 
po ussii or vsoda or their carbonates. Aller cooling, (lilute to ^ or ^ litre, 
allo^y to settle, draw off a portion of the suj^ernatant clear Iluid, de- 
^^^inino the free alkali remaining in it, and eahmlate therefrom the amount 
iisunicd by the nitric acid. This process w.as (‘uq)Ioyed by Langeu and 
»UWNIKIEWICZ,|| but was, hoAvever, alnnnly known. Haves obtained 
10 nitrates of silver and bismuth good results ; but with subiiitrate 

* Chem. Gaz. 1864, p. 398. f Zeiischrift f. analyt. Chem. 1, 309. 

t The bulbed U-tube will ho f.)und figured § 187. 

II Atmal. d. Chem. u. riianu. 117, 230. 
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of mercury (using carbonate of soda) tlie results were not so sati4. 
tory.* 

/b In nitrates, whoso bases arc precipitated by hydrate of baryta or 
iirne, or by tlieir carbonates (or by sulplude of barium), the iiitrir :ui,| 
may be estimated with great accuracy by filtering, after ])reeij)it;ition 
been effected, warm or cold, passing carbonic acid through tlie filtrate, if 
aecessary, till all the baryta is precipitated, warming, filtering, and deier- 
miningthe baryta in the filtrate by sulphuric acid. I eq, of the .siime eo[, 
responds to 1 eq. nitric acid. 


d. Methods based upon the decomposition of the Nitric Acid hif Prdtj. 
chloride of Iron. 

a. PKnouzKl was the first to turn the action of free nitric acid upon pro- 
tochloride of iron to account for the determination of nitric acid. The 
decomposition is as follows : 

G Fe Cl + K 0, N 0, + 4 II Cl = 4 H O f K Cl + 3 1\(\ + N ( ), 


In Pelouzk’s method a known quantity of pro tochloride of iron in 
excess is used, and the portion which remains unchanged deteriuincd by 
permanganate. His metliod of operating is given in the note ;J it glyo.s occa- 
sionally satisfactory ro.sults, but can never be relied on, in which view all 
agree who have subjected the question to a critical exaniiiuition (ennipare 
Fii. Mohr, II and Aukl and PloxamII). The results of numerous experiments 
made in my own laboratory lead to the siime conclusion. 

The following may be mentioned as causes of the defectivcne.s.s of the 
method : — 

a. Action of the air upon the nitric oxide present in the flask togetlior 
witha(iUcous vapor, which lca<ls to the re-formation of nitric acid; tlii.smay 
be held to be the princij)al cau.se of the inaccuracy of the niethod. 

b. Incomplete expulsion of the nitric oxide from tin; fluid, which loails 
to the reduction of a larger amount of permanganate than corresponds m 
the protochloride of iron ; thi.s is to be apprehended only in the ease ot 
dilute solutions. 

c. Escape of nitric acid before it has acted upon the j)rotochloridfi o 
iron; tins is to be apprehende<l in ca.ses where the fluid, allor addition "1 
the nitrate, is boiled very rapidly, and the excess of protochloride of won 
is comparatively small. 

d. Occasionally also loss of iron, owing to want of proj)er care 
boiling, and to be apprehended more especially if part of the proton o 
ride of iron dej)0sits on the sides of the ves.sel above the iiRi<^l) m t 
solid .state. 

I have .succeeded in modifying Pelouze’s proce.ss so as to avoid all tu>e 
sources of error, and to obUiin perfectly accurate and reliable results. - ) 
ptrocess is conducted as follows: — 


• H. Rose, Zeitschrifl f. analyt, Chem. 1, 306. 

+ Journ. f. prakt. Chem. 40, 324. ^roclilonc 

X Dissolve 2 grm. pianoforte wire in 80 — 100 c. c. pure concentrated Yj 
acid, with the aid of heat, in a flask holding about lf»0 c. c., which is closed >y * 
with a glass tube fitted in it. When the wire is dissolved, add 1*2 grni. of ^Ije 
of potassa or an equivalent quantity of another nitrate to be analy.sod, 
cork, and heat rapidly to boiling. After 6 or 6 minutes, pour the hiiu ^ 
has now again cleared, into a larger-sized flask, dilute largely with water, a 
ceed as directed § 112, 2, a. 

II Lehrbuch der Titrirraethode, I., 216. 

II Quart. Joum. of Chem. Soc. ix. p. 97. 
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Select a tubulated retort of about 200 c. c. capacity, with a lon^ neck, 
and fix it so that the latter is inclined a little upwards. Introduce into 
the body of the retort about 1-5 grin, fine pianoforte wire, accurately 
Avoighed, and add about 30 or 40 c. c. pure fuming hydrochloric acid. 
Coiidiict now through the tubulure, by means of a glass tube reaching 
only about 2 cm. into the retort, hydrogen gas washed by solution of 
potassa, or pure carbonic acid, and connect the neck of the retort with a 
U-tnbc containing some water. Place the body of the retort on a watcr- 
Imth, and heat gently until tlic iron is dissolved. Let the contents ol’ the 
retort cool in the current of hydrogen gas or carbonic acid; increase ibc 
latter, and drop in, through tlie neck of the retort, into the body, a small 
tube containing a weighed portion of tlio nitrate under examination, wliidi 
sliould not contain more than about 0'20() grm. of nitric acid. Aftm- r ■- 
storing the connexion between the neck and the U-tube, beat the (MMitniis 
of-tbe retort in the water-bath for about a rpiarter of an hour, then rcmu\ aa 
the wator-bath, heat with the lamp to boiling, until the fluid, to which liio 
nitric oxide hud imparted a dark tint, shows the color of sesquiebbo’id.' of 
iron, and contimio boiling for some minutes longer. Care must bo taken 
to give the fluid an occasional shake, to prevent the deposition of di’v salt 
on the sides of the retort. Before you discontinue boiling, increase the 
current of lydrogen or carbonic acid gas, that no air may (uitor th rough 
the IJ-tube when the lamp is removed. Let the contents cool in tlie cur- 
rent of ga.s, dilute copiously with water, and determine the iron still {ircsciit 
!is protochloride by permanganate (see Note, p. 11)1) — ItbS of iron con- 
verted by the nitric acid from tlie state of proto- to that of sc'^qiiichloride 
correspond to 54 of nitric, acid. My test-analyses of pun- nitrate ot 
potassa gave 100*1 — 100*03 — 100*03, and 100*5, in.stc.ad ol' lOo.* 

jl Since wc have learnt how to measure .scs(niioxidc of iron with accu- 
racy directly, it is, a.s a rule, more convenient aitd exact, not (as in a) to 
estimate the protoxide of iron remaining nnoxidizod al'n-r ibr action of the 
’iitiic acid, hut, as C. 1). BicvuNf has ])ointed out, to (b irnnino the .sesqui- 
oxulo produced. 1 can recommend the following moib' of operating as 
die be,st. Besidc.s the requisites for measuring sc'sijuioxide of iron by 
iiieans of protochloride of tin, given p. 11)7, you must lia\ e an acid solution 
'^‘ protoxide of iron, wliich is conveniently prei)are<l In dissolving 100 grm. 
suphate ol iron (as free as possible from ses(juio\idc) in bydrocbloric 
acid of 1*1() — p.j2 sp. gr. to 500 c. c. As, however, it is not easy to 
’^ep this solution perfectly free from sesquioxide, the small quantity of the 
atter present is determined with protochloridi' of tin in 50 c. c. (p. 11)7). 

ransfer the weighed i\itrato, together with 50 c. c. (more or less may he 
c according to circumstjiuces) of the acid solution of protoxide of iron, 
a ong-necked flask, fitted with a doubly* [icrtinated cork. The latter 
Ijarries two glass tubes, one of which nearly rc.iclu's into the body of the 
’ while the other only just enters it. Pass carbonic through the 
10^**^ heat, at first gently, gradually to boiling, till the fluid has 
^^‘'^^jdvish color, and has tjiken tin' piiiu' tint of the .sescjuichloride of 
• *!’ the escaping gas cetisesto blue a strip of paper freshly covered 

tlio of potassium and st<‘irch-pastc, and not yet dried. Now remove 

^vith - the tubes, rinse the longer one il'ncces.sary, andaller diluting 

bro or double volume of water, determine the sesquicbloride 

according to p. 197. The eou ling (for the purpose of estimating 

d. Chem. u. Pharm. 106, 217. t Journ. f, prakt. Chem. 81, 421. 
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tlio small excess of tin solution with iodine) is advantageously conducts] 
in the stream of carbonic acid. Deduct from the protochloride of tin usid 
first the small excess, ascertained by iodine solution, secondly the sli dt 
amount, corresponding to the sesquioxide conUiined in the 50 c. c.^of 
protoxide of iron solution employed; the remainder gives the iron in the 
sesquioxide produced, and, if this is multiplied by 0-32143, the nitric mi 
This factor is obtained thus : 


6 eq. Fe (168) : 1 eq. N (51) : : the iron present as sesquioxide : x 

It will be seen that it is ])est, once for all, to multiply the known 
tity of iron in 10 c. c. of the solution of sesquichloricle used to standardize 
the tin solution, by the above factor, and to mark the product on the 
bottle as the corresponding quantity of nitric acid. Kesults pcrl’cctly 
satisfactory.* 

y. SciiL()SiX(fs method. -j- 

The following method, employed by ScnidisiNG, more particnlnrlv to 
determine nitric acid in tobacco, and which afhirds this very important 
advantage, that it may bo used in jwesence of organic matter, lia.^ 
successfully passed through the ordeal of numerous and searching ex- 
periments. 



Fig. 77. 


The process is conducted in the apparatus shown in fig. 77. 

The dissolved nitrate is introduced into the Ijalloon yl, who.so drawn-out 
neck is connected, by means of an india-rublmr tube a, with a narro^v 
gla.ss-tube c is another caoutchouc-tube connected with b, and 15 oiu. 
long. The solution of the salt, which mu.st bo neutral or alkaline, 
boiled down to a small volume, the aqueous vapor eomi)lctely expoll”>o 
the air from A and the tubes; c is dipped into a glass containing a solu- 
tion of protochloride of iron in hydrochloric acid ; the lamp removed, au 
the ^receding regulated by compressing the caoutchouc- tube c with the 
fingers; when the iron sfolution is nearly ab.sorbed, some hydrochloric acu 
is allowed to recede, three or four time.s, in separate portions, to free 
tube completely from jirotochlorido of iron, which is absolutely ncccssiuy- 
Before air can force its way, c is closed by an iron compression claiub 

* Zeltschrift f. analyt. CJheni. 1, 38. 

t Annal. de Chini. 8 scr. tom. 40, 470 ; Journ. f. prakt. Chem. 02, 14— 
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dipped under the mercury in the trough, and the end placed under the 
bell B. The lamp is now replaced under >4, to allow the reaction to 
proceed ; immediately after, the clamp is rej)laced by the compression of 
the liiT^era, which are also removed from it as soon as a pressure is felt 
from within. The reaction is generally terminated in about eight minutes, 
when 6* is removed from under 7i. The latter is a small bell -jar, made 
out of an adapter ; it must hold three or four times the volume ol* the 
to be received ; in (mses where the evolution of gas is rather impetuous, 
it is occasionally necessary to submerge the bell-jar in the trough, to effect 
a more speedy cooling of the vapor. The upper part of B is drawn out, 
as shown in fig. 7H, to facilitate its subsequent insertion into the caout- 
chouc-tube, and also the breaking off of the point. The bell-jar is first 
filled with water, to expel the air from it, then with mercury ; milk ol 
lime, previously boiled, is then finally introduced into it, 
hy means of a curved pipette, which serves to free the nitric 
oxide gas entering B from every trace of acid vapor. The 
nitric oxide gas Ipas now to bo transferred to the bal- 
loon, C, to be there reconverted into nitric acid l>y oxygen. 

The balloon C contains some water ; it is connected by a 
caoutcliouc-tul)e, r/, with a glass-tube, c, which bears at 
tlio opposite end another thin caoutchouc-tube, 10 cm. 
in length. 

The water in C is now heated to boiling, until all air 
is expelled from the Ijalloon and the tubes by the aqueous 
vapor; /is connected witli the p)oint of the bell-jar By 
which has just before been slightly scratched with a dia- 
mond, and the end of the point is then broketi olf. The 
aqueous vapor condenses at first in the bell-jar, and at 
the same time expels the small quantity of milk of lime 
renmiiiing in the point. Ibit if* the lamp is now re- 
moved, a current in the opposite direction speedily sets in, wb lei i drives 
the nitric oxide gas into the balloon, C. Should this piroeiHd too 
rapidly, / need simply be com [)rcsscd with the lingers. .\s soon as the 
milk of.lime in the bell-jar has nearly reached the rim ol' /i / is closed by 
a coin])rcssion clamp. To transfer the last traces of tin* nitric oxide gas 
to C, pure hydrogen gas (20 or 30 c. c.) is condiu ted into tlie bell-jar, 
and allowed to be ab.sorbed Jis before, y’is then elostul by tin; eomjtressioii 
o^ainp, its end tixkeii off from the point of tlie ludl-jar, :uul connected 
instead with the glass- tube, /q of the oxygeu-jttr, />; the cock, /•, is now 
opened, and tlieii the compression clamp also, wliieb will catise oxygen to 
pass into C. When the object of the opcnit ion has been attained, r is 
ch)sed, and 4 and / are disconnected ; after waiting a qiutrtcr of an hour, 
tno free nitric acid reproduced is determined by means of very dilute 
solution of soda (§ 215), 

, The success of this method depends essentially u]h)u the complete expul- 
of the air from A and C. Schlosino obtaimul highly satisfiictory 
results by it. Some test-analyses made in my own lahoratory were also 
^unpeachable.* Where the quantity ot' nitric acid is only small, it is 
^hisahtle to increase the amount of j)rutoehloride of iron considerably, 
or the determination of very miiiuti? quantities ol nitric acid (under 
OlO grin.) ScHLbsiNa employs a somewhat modified apparatus, for a 
^^nptioii of which 1 refer to the original paper. 

* Zeitschrift f. an»bt. (’hem. 1, 89. 
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e. Methods based on the conversion of the Nitric Acid into A mmiui'm 

If a nitrate is lieated in an alkaline tluid in wliicli hyclropjen is e\oKw] 
in the nascent state in sidlicient quantity, all the nitric acid niiiy be eon- 
verted into ammonia,* so that from the amount of the samt; the qiiiuitny 
of the nitric acid may be accurately deduced. Sciiulze| was the Hist to 
arrange a method for tlie determination of our acid on this priiieijde. Suon 
afterwards nARCouirr,| and at the same time 8iKVVEirr,|| suggested processor 
with the same object. 

Schulze reduces with platinized zinc, ITarcouut and Sikwekt tvitli 
zinc and iron-lilings. The latter has endeavored to utilize the iiietluKl 
also for the analysis of organic nitro-products, but as yet 'without surress, 
The employment of zinc and iron appears to give the most liivorable 
results; on this account I shall first describe IIarcouut’s process, and then 
Siewert’s. 

IIarcourt enifdoys tlie apparatus represented in fig. 79. Begin hy 
bringing the tube e into the vertical position, by turning it half-round in tlio 



Fig. 79. 


tubulure, then run in from the burette an excess of normal acid, it ^vlll 
occupy dj add some tincture of litmus, turn the tul)e e back again as repre- 
sented, and run a little more acid into the bulbs. Now remove the liasK 
e/, while the tube and cork, as well as the little tlask h containing some 
water, remain in unchanged position on the .s;ind-bath, and transler to 
about 50 grm, finely granulated zinc, and 25 grm. iron-filings wl>i< i 
have been purified by sifting and subsequent ignition in a closed ciu 
cible, then add the weighed nitrate (c.^., 0’5 nitre), 20 c. c. water am 
20 c. c. jx)ta.ssa solution of 1-3 sp. gr. Now heat the part oi the siim ^ 
bath c, which is under a, till the contents of a boil. If the hnhhlc.s o 
arnl hydrogen pass quietly in e, loss of ammonia is not to bo feared. 
soon as the distillation has commenced, place the lamp so that the 
in h also gently ])oils. The fluid is thus twice distilled in one opcja 1^^ 
and the trjices of potaasa, which pass out of r/, are completely 
in h. The end of each exit-tube is — as a further precaution 

* The conversion in acid solution is only partial. — L. Ginolin, Martin, 
t Chem, Centralblatt, 1861, 657 u. 833. t Journ. of the Cherii. Soc. xv. 

II Aiinal. d. Cheui. u. Pharm. 125, 293. 
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out and bent up in the form of a book. The distillation requires 1 to 2 
hours It broken off, when the hydrogen (which is disengagod 

in larger quantity as the ])otassa solution becomes more concentrated), has 
inssefi through the bulb-tube e 5 to 10 minutes regularly. As soon as the 
lluitl in has receded to in <5onsequcn(;e of the cooling of the ap[)aratus, 
remove the caoutchouc stopper from the small tubulure /, and rinse the 
coolin'^ tube with a stream of water, so as to be sure of getting the last 
traces of ammonia into the receiver. Now turn round the tube a to bring 
it into a vertical position, rinse it out with water, take it away and close 
the tubulure of the receiver with a cork. Finally, remove the receive m-, 
rinse the outside of the cooling tube at the end, and proceed to measure 
the free acid remaining. The metals remaining in a only want to b*' 
^Yasllcd with waiter, dilute acid and water again, and they can lx- u>od 
for a second determination. It is true that when they have been oiu o 
used they evolve hydrogen far slower than bright zinc and freshly -igniitd 
iron, hut the disengagement of ammonia proceeds equally well in both 
cases. Chlorides sulphates have no inllnenee on the operation, In 
the jU’Gserice of oxilRf lead it appears dcrsinible to add sulphate of |ioi:i.'-'-:i. 
The results olttaiiied by IIarcouut and also in my own laboratory are 
very good. 

SiinvEUT employed to about 1 grm. nitre 4 grm. iron-fding.s tnnl S— --10 
grin, zinc-filings, tuid also IG grm. solid hydrate of potassa and Itni c. c. 
alcohol, of ()’825 sj). gr. By the use of alcohol tho danger of llie boiling 
tiuld receding is got rid of. His a])paratus consists of a ila.'^k t»f .‘liH) — ..‘boO 
c. e. enpacity witli evolution-tube, wliieli leads to the ll.asks roprosented in 
fig. 80. The capacity of each is — 200 c.c. ; tlioy contain nuriual ;icid. 

Tiic connecting tube b is ground ob- 
liipiely at both ends, <:. serves during 
the operation to hold a strip of litmus 
paper, and after it to enaltle tlic ana- 
lyst to transfer the fluid from one Ihisk 
to the other at will. Atb'r the a})pa- 
ratus lias been put together, tlu; dis- 
ongageinent of gas may be allowed to 
go on in the cold, or it may bo assisted 
from the first by a small flame. Alter 
the lapse of lialf-an-boiir the ammonia 
firmed begins to pass over in propor- 
tion as the alcoliol distils off. As soon 
‘‘s the latter is fully removed from tbo 
evolution flask, heat is applied with 
great caution — to drive out the bust 



traces of ammonia — till steam appears 

I’l the evolution tube, or 10 — 15 c. c. aloolml .an' rapidly introduced once 
or twice into the evolution flask and distilled oil'. TV'st-analyses good. 


/. Mcihods in which the Nitrogen of tlu: \i(ru' Acid is separated and 
measured in the gaseous form. 

These methods are more particularly suitable for analysing nitrates 
fAi are deconijjosed by ignition into ovide or metal and oxides of 
jotrogen; Oiey wdll be found in tlie Scciii»u on the “ Ultiimite Analysis of 
Vide Bodies,” § 185. Mauign AO emplovrd ilicin to analyse compounds 
Of nitric acid with subo.xide of mercurv. Buomeis analysed nitrite, v&c., 
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of lead by a similar method, recommended by Bunsen. In cases Avliero 
it is intended to determine the water of the analysed nitrate in the dinct 
way, such methods are almost indispensiible. 

<j. Other more recent Methods. 

1. After Fr. Schulze.* This depends on the following novel anri 
peculiar principle, viz., if aluminium bo dissolved in solution of pot;is;(;n 
aluminate of the alkali is formed with evolution of hydrogen ; the amoiint 
of hydrogen evolved corresponds to the quantity of aluminiinn dissolved ; 
and if a nitrate be added to the mixture evolving hydrogoTi, less gis 
disengaged than would otherwise be the case, for a part of the nascent 
hydrogen serves to convert the nitric acid into ammonia (NO^ + SJlr^ 
N llg + 5 H 0); this deficit of hydrogen is of course ])roporti()iial to tlie 
amount of nitric acid converted into ammonia. The chn'oinpnsition only 
extends to the whole of the nitric acid present, when the procc'ss is allowed 
to go on slowly. The presence of organic matter exercises no injuricniH 
influence. A small quantity of nitric acid gives rise to a relatively large 
deficit in the volume of the hydrogen. A 

I shall first describe the apparatus employed, wh^H rcseinhlcs Kxor's 
azotometer,j' and then the execution of the analysis. 

The flask A (fig. <Sl) holds about 50 c. c., into its neck the tube if, 
which is expanded above into a bulb, is ground air-tight; the glass rod 
c is ground into the lower opening of 7/, and closes it conqiletidy ; lliis 
rod passes through the cork r^/, and is long enough to enable the operator 
to introduce fluid into 7? by means of a pipette, when the cork is raised 
to the top. The tube 7/, divided into c, c., .serves to measure tliegas; 
it is connected by me/ins of the Ilexible tube /, with the jrlain tube 1), wliich 
is of similar width. The tubulure/is jirovided with s])outaMfl stop-cocl, 
as shown in the drawing. The upper ojKuiing of C is connected lyy tlie 
india-rubber tube k with a tube of small calibre, and the latter again with 
the tube A, which is fitted with a cork into the tubiilurc a. 

To perform a series of experiment.«»^a rather larg(^ qu.’uitity of ahnnninnii 
filings will be rcijuired. Any particles of steel should Ix^ removed irow 
the same by the magnet. The first thing is to determine the v'ehjhf ol hydro- 
gen yielded by a weighed quantity of this aluminium powder on itssolntinn 
in potajih lie. This preliminary experiment is absolutely indispensable, 
as each kind of aluminium behaves dilh.Tently in this re.sj»ect. Introdme 
into A an exactly weighed quantity of aluminium j)owder, about O Oeo 
grm., and add some water. Introduce into 7i exactly 5 c. c. potiisb solu- 
tion, and join A and B as represc5nted. Now pour water into /I bu 
stands exactly at the upper mark in C — i.c., the zero — and connect yl witi 
the mea.suring apparatus l)y in.serting the tube h into the caoutchouc tine 
p. Having again satisfied yourself that the water in G and D is ut 
same height, and in 0 stands at zero, note the temperature of the loom 
and place yl in a beaker with water of the same degree. Now allmvw.n 
to run out at n till the surfiice of the fluid in i) stands exactly at a 
mark, say at 30 c. c., and in C ha.4 sunk to about the mark 1. h '"I. 
some time both levels have remained unchanged, and you are there o 

* Zeitschrift f. analyt. Chem. 2, 300. „ ^Ijc 

t Chem, Centralbl. 1800, 244. The original Knop’s apparatus 
modification figured in the text only in this, that the tube D is not proyidei ^ 
lateral tubulure below. Ilautenborg’s most recent modification consistH in pUi 
tubes C and 1) in a cylinder filled with water, which enables the operator to r 
and determine the temperature of the gas on measuring, more conveniontly. 
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onvinccd that the apparatus is air-tight, raise the glass-rod c slightly, 
allowing the potash in B to flow into A, As, on account of the lower 


k 



Fig. 81. 

Il'vgI in Z), the air in A is under less than the air in B or the 

atmosphere, care must be taken that tlu‘ at e is closed, the 

^iionient that the fluid in /? has almost run t>ut ami just enough remains 
to prevent free communication between .1 and />’. ’^riie volume of the 
uid originally introduced into B (according tn tin* above, 5 c. c.) is sub- 
^Cfiueiitly to bo deducted from that of the gas in In proportion as the 
‘"niiinium dissolves, and hydrogen is evolvi-d, ihe level in C sinks, while 
column of water in I) rises and rendci s ii mH-essary to draw off water 
^ 111 order that both levels may minain about the sfime. When the 

^^clution of gas in A has ceased, and \ on lia\e s:it isfiod yourself that the 
^lliperatiire of the water in wliieh J siamls, and also of the air, is the 
the beginning, bring the \vai«T in /> to the sjime level as that 
’ that the tension of tlic gas in .1 and C may correspond exactly 
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to the atmospheric i)ressure, as before the beginning of tlic experimont 
and tlien read off the height of the fluid in C. The number so oV)soi v((] 
minys the c. c, of fluid which flowed from B into A, expresses tlie t. c' 
hydrogen evolved by the solution of the aluminium, under the existinrr 
circumstances of atmospheric pressure, temperature, and tension of arpifoii^ 
vapor. Kcduce the measured volume to the dry condition, 0° and 7(;ii 
mm. (§ 198), calculate the weight of this volume of hydrogen from tlie 
datum of tiible V., at the end ol* the volume, and divide the aluinhiiuni 
used by the number found, the quotient gives us the numb(‘r of grainmes 
of aluminium which evolve 1 grm. hydrogen. Schulze found tliis (piotient 
in one case to be 10*504*2. Now 8 eq. hydrogen (8) corres|)ond to 1 cq. 
nitric acid (54), hence 8 x 10*5012 — 84*0830 grm. of the alumiiiium in 
question correspond to 54 grm. nitric acid. 

We will now suppose that the exact value of the aliunininni for our 
purpose being known, we are about, on some other occasion, to mako a 
nitric acid determination with its aid. Begin by calculating how many o.c, 
hydrogen is yielded by a definite weight of aluminium, j|iy OOoO grni, li r 
this particular day, /.c., the existing temperature and ]»re "ire. 1 may n imirk 
in passing that it is taken for granted that these remain constant tlirongliout 
the ])rocess; a room should be chosen which is not liable to vai’iaiioiis ol 
temperature. Let lis sup])Ose, under the circumstances obtaining, oS lc, c. 
hydrogen corrc.spond to D-D50 grm. aluminiimi. introduce llio Iluid to 
be analysed into the flask v1, add a weighed quantity of aluiniiiiiim i)o\v(l(i’ 
(at least 2 parts to I of nitric acid), arrange tlie a]»paratus as above diicctol, 
and allow the })otas.sa at first to Ilow only droji by drop into A. Tlic 
solution of the aluminium mu.st be so conducted that a scarcely visililo 
evolution of hydrogen may’^ be kej>t uj) lor at least an hour, and tho ivliolo 
process should take 3 or 4 hours. Convince yourself that tho pressun; 
and temperature are the same as at tlie beginning, imd read cdf. 

Let us take one of Schulze’s experiments as an illustration. 

0*15 grm. of the aluminium piowckr of the value above given, and a 
known quantity of nitrate of ])otash were employed, 05*(I c. c. hydmgoii 
were obtained. Ilow much nitric acid was present? 0*15 gnu. aluminium 
would have evolved 3 x 58*4 - 175*2 c. c. hydrogen, but wo have onh 
obtaine^95*0 c. c. : therefore the deficit is 79*0 c. c., which, according to 
the proportion 

58*4 : 70*6 : : 0*050 : a: .r-0*0G8l5 

corresponds to 0*06815 aluminium, which, according to the proportion 
84*0336 : 54 : : 0*06815 : x x - 0*0438 


corresponds to 0*0438 nitric acid. 

The amount of nitrate of potash actually employed was 0*08.1 gniuj 
which contains theoretically 0*0443 N O,. 

2. Kuocker and Dietkicii* employ the method described p. ^ 
D determination of ammonia, also for the estimation of nitric acid. 


the 

reduce the latter with zinc in acid solution, 
follows : 


The process is cc 


)ji(luctcd 1 


— Add zinc to the solution of the nitrate, treat with 
dilute sulphuric acid, close the vessel with a perforated caoutchouc 

into whicii is fitted a tube with two bulbs, containing a little sii 

acid, to prevent the possibility of any ammonia escaping with 
After an hour mix tho contents of the bulb-tube with those of t m 


* Zeitsohrift f. analyt. Chem. 8, C9. 
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j-ciuler alkaline with carbonate of soda, decompose with the bromizcd solu- 
tion of hypochlorite, &c., as described p. 158. The test-analyses, which 
Avcie performed Avith small quantities of subsUince are satisfactory, but I 
coiiskler that further experiments are required before we can siiy whether 
1111(1 iincler what circumstances larger quantities of nitric acid in acid solu- 
tion are converted completely into ammonia. 


§ 1.50. 

2. Chloric Acid. 

L Determiimtion. 

Free chloric acid in aqueous solution may be determined by convert iiii; 
it into hydrochloric acid by the agency of nascent hydrogen (II., r), 
and (leterniining the acid formed, as directed in § 141 ; or by saturalin- 
with solution of soda, evaporating the fluid, and treating the rc.'^idiie as 
(lirectod in 11., (t or b. 


II. Sepan/fioti of Chloric Acid from the JJases, and Detcj-mi imtiuit 
of the Acid in Chlorates. 

(t. After Bunskn.* When warm hydrochloric acid acts upon ( hloiaU's, 
tilt! latter arc reduced ; as this reduction is not attended with .sepia rat ion of 
o.wgen, the following decompositions may take place : — 


CIO. 
; HCl 


[CIO 
Cl (>3 
HO 


CIO3 
2 HOI 


3 CIO 
2 HO 


CIO, 

3 HCl ; 


CIO, 

4 HOI 


AVI lichof these products of decomposition may actually be fornuMl, whether 
all or only certain of them, cainiot be foreseen. But no matter which of 
tlidiii may be formed, they all of them agree in this, that, in » (mtaet Avith 
j ^olntion of iodide of potassium, they liberate for (W('rv 1 eq. chloric acid 
I in the (.‘lilorato, 6 ecp iodine. 7(>2 of iodine liberated em-rtspond accord- 
ingly to of chloric acid. The analytical priK“rs> i- emiducled as 

Inscribed § 142, 1. 


Heat the Avcighed cldoratc Avith exccs.s of solution of sulphate of iron 
111 hydrochloric acid and determine the scsquichloi ido of iron produced, 
'^process is conducted as given p. 845, /4. 12 oip iron, converted from 

in condition of proto- into so.scjuichlorido, correspond to 1 cq. chloric acid. 

(. After F. Si:.STiNif. To the concentrated atpneus sidution of the 
chlorate add a piece of zinc and then sonu‘ pure dilute sulphuric 
alloAv to stand for some time (Avith 01 erm. chlorate of potassa 
'‘1 an hour is sufficient). By the nascent h\ tlroeon the chloric aciil is 
^('ueited into hydrochloric acid, Avhicli, after romoval .-ind rinsing of the 
^^^hii'inined according to § 141. To U'>o the vtdnmetric method 
Hie sulpluiric acid is first proclpiiatod with nitrate of baryta, 
fllte^ excess of baryta AA'ith carbonato (d' soda, the lupiid is 

ami neutralized, then chromate of pota.'^.sj is added, and finally 
silver sohuion. 


toi'u’ (h '“ses are dctoriiiinc<l with a<lv:uiia-c in a Ke|>arate portion, by 
Win chlorate either by very cautious ignition or by warming 

“ 'Vlrochloric acid into chloride. 

1 ') 

p 10 estimation of lunwchlorous uch/ will be described in the Special 

7.«,clen.chlorhnctry.” 

d, CUem. u. Pharm. 86, 282. t /.ritschrift f. analyt. Ghem. 1, 500. 

* A A 
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SEPARATION OF BODIES. 

§ li)l. 

In tlio previous Section we luive considered tlie metliods eniiiloyi'd for tie 
determination of liases and acids, when only one basi? or one acid is prcsini. 
In the present Section we shall ti'cat of the separation of liodies, /.o.,tli(; dotn- 
niination of tlie bases and acids, whi'ii several bases or aidds are iiresoiit. 

Tlie sejiaration of bodii's may be enected in tlinio ways, viz., e, by dinri 
b, by iii'Iin'ct n/zr^/z/.s/.s ; e, by esfimafian bt/ <!ijfci-ctu:c. 

By direct (ai(dt/sis, we understand the actual separation of the bases (T 
acids. Tims, we separate jiotasli from soda by bichloride of platiiiuin; 
copper from tin by nitric acid; arsenic from iron by siil|iliiiictt(!(l 
hydrogen ; iodine from chloriiui by nitrate of jirotoNidc of jialladiniii: 
jiliosphoric acid from sulphuric acid by liaryta ; carbon from nitrate of 
pota.ssa by water, t'lic. (Kic. In ilirect analysis we rembr the body to be 
estimated insolulile, while thc^ otlnor remains in solution, or rice rf'/'sd, orue 
volatilize it, l(‘aving the others behind, or we elb'ct actual separation in 
some other majimn*. This is the mode of analysis most freqiiciitlv 
em]doyed. It generally deserves the pref< renc(' where (dioice is jicrinitlol. 

We term an analysis indirect ^ if^it does not etrect tie' actual scparalion 
of tlie bodiers we wish to (h'termine, but causes certain ebangos wliicli 
enable us to mdculate the (piantities of the bas(‘S or jicids jjrcscnt. 
the fpiantity of potash and soda in a mixture of the two maybe dctcrininetl 
by converting them into sulphates, weighing the latter, and estimating tlio 
sul[)huric acid (§ 152, .‘1). 

Finally, if we weigh two bodies togiitluT, di'tmunine one of tlicin. nnd 
subtract its weight from that of tlio two, wo shall lind the weight of tlie 
other body. In tliis case the second body is said to be enivnaied M 
difference. Thus, alumina may be d(!termined when mixed with sesp- 
oxide of iron, by weigliing the mixture and estimating the iron vom- 
metrie^illy. 

Indirect analysis and estimation hy dilTeromie may be employed m 
exceedingly large miinber of cases ; but their use is as a rule only 
recommended, wln^n; good metliods of true separation are wanting. ^ 
special caftcs in which they are jirefcrable to direct analysis cannot I'o 
foreseen ; tliosc alone are pointed out, wliieli are of more friMpiont 
rence. As regards the calculations reijuired in indirect amd)x^i^ I 
gdven general directions under “ tlie Calculation of Analysis; ” 
appearea judicious, I have added the necessary directions to the dcscup^ 
of the inetliod itself. 

I have retained our former subdivision into groups, and, as 
practicable, syatematically arranged, finals the general separation o 
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lH)(lies belonging to one group from tliose of tlie preceding groups ; 
c ('(nidly, tlie sejjaratlon of the individual bodies of one* gronj) from all or 
ftoni CLM’taiii bodies of the preceding groups ; and linallj, the sepaiatioii of 
bodies belonging to one and the same group from each other. I thirdv 
1 need scarcely observe that the general methods which serve to sejiarate 
tho whole of the bodies of one grouj) from tliose of another group, ate 
also applicable to the separation of every individual body of the one 
group from one or several bodies of the other group. It mii.st not bo 
undorstood that the more special methods are neces.sarily in all cases 
preferable to the more general ones. As a rule it must be left to Individual 
dieiiiists to decide for themselves in each special case which method should 
bo adopted. With respect to the general methods for separallng oim- 
crroiip from another, I wniuld observe that those adduced a])])eared to nnj 
more ada])ted to the purjKise than othcr.s, but still there may be otle rs that 
m oqunlly suitable, and in s})(!cial cases even more so. A widn tiidd is 
liore open to the ingenuity of the analyst. 

The methods given for the sep.aration of both bases and acids are 
geiicndly based upon the supposition that tlu'y are in the free .^taic, and in 
tlie form of salts soluble in water. Wherever this is not the case, special 
mention is made of the circum.stancc. 

From among the host of pro[)o.sed methods, I liave, as far .as praeiicahle, 
chosen tho.se which liavc been .sanctioned by experience and are dis- 
tinguished for accurate residts. In eases wliere two incrlafds Avere on 


a par with each other as ri'gards these two points, 1 liavi^ citlicr givtui both, 
or selected the more simple one. Ab'thods which exprricina* has shown to 
he defective or fallacious liave hcen altogether ondtte<l. I li.ivi' endeavored 
to point out, as far as possible, tlic [>articnlar circumstances under which 
cither the one or the other of sev(‘ral methods dcs:’rvcs ilu- ]U ( il'ronce. 

^Miere the aeenraey of an analytical method has Incn established 
already, in Section IV., no further statetnents are niad<' on the sul)jeet 
hen', barngrapdis of fornicT Sections deserving jcirticnlar attention ari; 
relerred to in parentliosos. 

Ihe extension of chentieal seienee introduec's .‘dino^i t'Vi'ry day new 
analytical methods of every description, which arc. i-ivlillv or wrongly, 
prelerred to the older methods; the present time max therefore be looked 
in this, as in so iininy other rcsj)ect.s, as a period of tiamsition, in 
"(b the strives more than ever to overcome and snjtpkint the old. 
make this remark to show the impossihilif v of .always adding to the 


^C'^c.ription of a method an opinion of its usefidmass .and accuracy', ami 
point out the importance, under such eirenmstanecs, of a ]>roper 
‘^}stcnintic arrangement. 1 have in this Soetion generally arranged the 
analytical methods upon tho basis of tlu'ir scientific principles, 
y persuaded that this Avill greatly tend to l-ualitate the study of the 
^ 'ctiee, and will lead to endeavors to apply known principles to tlie sepa- 
ji ion of other bodies besides those to which they are already a])plied, or 
P^'biciples wliero experience h.is provt'd the old ones fallacious, 
yhe methods based on them defectixm. 

fbeso introductory remarks, xviih tlie important caution to the 
^fpon a srpnrdfion <is sni'rrss/ti/ff/ arcoviplisfitd, before. 
/reeT /u'/AusY'//*, tliat the irn'ijfird pirripitate.^, tjr., are pure and 

those bodies from which it iras inttnded to separate them^ 


A A 2 
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I. SEPARATION OF THE BASES FROM EACH OTHER. 


FIRST GROUP. 

rOTASSA — SODA — AMMONIA — ( lITII 1 a).* 

§ 1*^2. 

Index: — The Noa. refer to those in the jnargin. 

Potasaa from soda, 1, 6. 

,, ammonia, 4, 5. 

Soda from potaaaa, 1, 0. 

ammonia, 3, 4, 5, 

Avwionia from potassa, 4, 5. 

,, soda, 3, 4, 5. 

(Lifliia from tho other alkalies, 7, 8, 9.) 

1. Mefhofis based vpon the different De;/rees of SoJidjilifi/ in 
AlcohoL of the Double Chlorides of the Alkali Metals and 
liiehloride of Platinunu 
a. PoTASSA FROM SODA. 

It is an ln(lis])cns;il)lc condition in this nietliod tlint the tAvo alkalirs 
should exist in (ho Ibrni of cldorides. If, tliereforo, tlu'v arc la'cscnt iti 
any other form, they must he first coiiA'ertod into cldorides, wliidi, in 
most cases may l>e efhx'tcid lay evaporation with liydrochloi ic acid in 
excess; in Ihe case of nitrates the evaporation with hydnxhloric acid 
must ho repeated 4 -() tim(*s till tlie weight ol the gently ignited mass 
ceases to diminish. In presence of sulphuric acid, phos|)horic acid, 
and boracic acid, this simple method Avill notan.swer. For the niolliods 
of sef)arating the alkalies from the two latter acids, and converlitig tliciii 
into chlorides, see §§ 135 and 130. The presence of siilidmric acid 
iKiing a circumstance of rather fre(pient occurrence, the way ol meeting 
this contingeru'y is given below (2).,, 

Determine the total (piantity of tin* chloriile of sodium and cIiIoi-hIu 
of potiissium,! (§§ 37, 3.S), di.ssolvu; in a .small portion of water, add an 
excess of a concentrated neutral solution of hichloridt! of plaliniim m 
Avater, evajmrate on the water-bath nearly to dryness, (the 
chloride of platirnim and sodium should not l(;se its water ol cijst.i 
lization,) treat tho residue with alcoliol of from ’80 to '87 
tho beaker or dish with a glass plate, and alloAV to stand a lew lioiiis, 
with occasional stirring. If the suiiernatant fhiid api)ears of a < o'P 
yellow color, this is a proof that a sullicient rpiantity of biclilora c " 
]»latinum has been used to precipitate tlie whole of the j)ota.s.simn. >' ” 
the precijiltate has settled, pour off the clear fluid through a, weig ic<^ 
and examine the precipitate most minutely, if nece.ssary with the au 
a micros(tope. If it is a hmivyyrllow p()wder {sufli(‘iently niagnified, 
octahedral crystals) it is tlie pure chloride of platinum and potassia •+ 

* With regard to the separation of the oxides of cu-sium and rub'diuw hon 
other alkalies, 1 refer to the Special Part, “ An.-dyHis of Mineral yourslf 

t Never weigh the chloridcH of the alkali metids before you have co iiiiJ 

of their purity by dissolving them in water, which should give a ciea ^ 
testing this solution with anun<»nia and carbonate of ammonia, ii.'t 

down no precipitate. It may bo thought, perhaps, that a matter so i 
bo mentioned here ; still 1 have found that neglect in this re8i)ee J 
uncommon. , , „ „ and rebb'd/ 

: If small tcHseral crystals are visible of a dark orange yellow co o , 
large size, and appearing transparent by tra nsm itted light, tlien 
contains chloride of platinum and lithium (Jeiwoh), 
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Tlien transfer it — best with the aid of the filtrate — to the filter, wash it 
^vithspii’it of ‘86 to -87 sp. gr. and proceed according to § 1)7. If, on the 
(oiitrary, white saline particles (chloride of sodium) are to bo seen mixed 
^virli the yiillow crystalline powder, bichloride of pilatinuin has been 
wanting, the whole of the chloride of sodium not having been completely 
(■niivortcd into chloride of sodinni and ]ilatinum. In this case the jirecipi- 
taa in the dish must be treated with some water, till all the chloride of 
sidiiini is dissolved, a fresh jiortion of bichloride of platinum is added, 
pi, I whole evaporated nearly to dryness, and the above examination 
repeated. The (piantity of the soda is usually estimated by subtracting 
jroiii the united weight of the chloride of sodium and chloride of potas- 
s'auii the weight of the latter, cidciilated Irom that of the potassio- 
Vicliloride of platinum. 

To make quite sure that the potassa has completely separated, it is 
advisable to add to the iiltratii some water, some more l)ichh)ridc ol' 
plalinum, and, if the quantity of soda is only small, also some chloriiha 
of sodium; evaporate on the w.at(‘r-bath nearly to dryness, at a tem- 
|)(Tatur(3 not (ixceeding 75'^ (Bisciioi*), nnd treat the residue in tin* 
nuiiiior just described. In order to diminish the solvent action of the 
spirit on the chloride of ]M)tassium and platinum, ^ ether may bt* now 
mixed with it. Should this opteration again leave a small undissohuMl 
residue of chloride of ])otassium and p)latinum, it is fdtered olT, best on 
a separate lilter, determined by itself, and the number added to the 
priiieipial amount. 

I profer subjecting the filtrate to this examinalion to ilie pu-ocoss of 
'.‘vaporating it to dryness, igniting the residue with addition of some 
oxalie acid, or in a current of hydrogen, extracting with water and 
'hicnniiiing th(3 (chloride (d’ sodium in the .solution ol:)tained ; since, 
'‘‘fer all, the ('stimation ol' the soda here is only ((ppan utl >i direct : if 
di(' clilorido of pmtassiuni has not coiiqdctely sepKiratcil, lie- punuion .still 
ill the filtrate will, of' course, he oldained m>\v mixed with 
chloride of sodium. Tlio latter method can tlinel'on^ only 
a control to dotcrmiiie whether a loss of snbstanee 1ms boon 


^'Mained in the opreration. Instead of the pirocess given for the direct 
'Idcriuiiiatioii of soda, the filtrate containing the double chloride 
^^1 platimiiii and .sodium may also be evapmrated to drymuss xvitli 
‘itiuitioa of sulpliuric acid, the residue igniteil, the sulpihate of soda 
cdiactcd xvith water and deU'rmined according to ^ 08, 1 (A. Mrr- 
^‘■nEUMCIl). 

‘^heiild the solution contain sulpahuric acid, it mav be in pirosenco of 
'} locldoric acul or of some volatile acid, couvi rt the alkalies first into 
j’^'Wial sulpdiates 1)7, 1)8), and xveigh them .as such. Dissolve in a 
J^nd add an alcoholic solution of cldoride of strontium, 
<^?iecss. (The (puautity of .spdrit of wine in the fluid must 
d »e so largo as to p)rccip)itate chloritleof sodium or chloride of })otas- 
Allow to depjo.sit, lilter, ami wasli the sulphate of strontia 
Spy; 'veighed yields an exact control of the aualysi.s — compiaro 
ij spiirit of wine, until the 'washings no longer leave 

'iiitd I evaporation on’ a watch-glass; evapmrate the filtrate 
me spirit of wine is compdotely driven off, dissolve the residue in 
quantity of water, add hichloridc of pdatinum, and pu’ocecd 
ill ubove. The minute piorfion of t hloride of strontium added 

^•"^eess dissolves, cither in that^brm, or as strontio-bichloride of pla- 


2 
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tiniim, together with the sodio-bichloridc of platinum, in spirit of 
wine. 

Instead of this mctliod, which I commonly employ, the fbllowlivr 
processes may also be resorted to: — Dissolve the sulphates of tlio 
alkalies in water, and add baryta water, free I’rorn alkali, as long as a 
j.recipitate forms ; allow to deposit, filter, wash the prcci])itat(', and eon- 
duet carbonic acid into the filtrate, to throw down the excess of haia ta • 
heat to boiling, filter the prccipibitcd carbonate of baryta, ^Yasll, add 
hydrochloric acid to the filtrate, and evaporate to dryness. Or, add 
solution of bicarbonate of baryta in excess, then ammonia, and filter 
without applying heat. — Or, dissolve the weighed alkaline sul])liates in 
water, add solution of aceUite of baryta, in the least possii)l(j exeesfc 
allow to deposit, filter, eva|)orate the filtrate to dryness, ignite the residue, 
extract with water, sjiturate cautiously with hydrochloric acid, and Ireat 
the solution of the chlorides of the alkali inebils as directed aV)()Vt‘. 
Instead of acetate of baryta, you may also u.se acetate of hnad, removing 
the (‘xc(^ss of l('ad by sul|)huretted hydrogen, and evaporating the fdinitn 
with hydiTnddoric acid to dryness; or, you may sul)stitute chlorich'of 
lead fur the acetate (luxating to boiling), and omit the addition of hydro- 
chloric acid in evaporating the filtrate (L. Smith). — Or, you may mix 
the sulphates with chloride of ammonium in powd(T, in a enieihle, 
ignite, add a few drops of water and again some (diloride of ammoiiiuin, 
ignite omaj more, and rej)cat this until the weight remains eonstant 
(II. Rosk). This latter method I can recommend only Avliere you 
hav(i to (leal with chlorides containing a comparativtdy smalt admixtiiri! 
of sulphate; where this is the case, however, it is the most (.’oiivenient 
jirocc'ss; a loss of chloride is not to be feared, j)r()vide(l the residiuMS 
not h(.:ated .stronger than lU'ce.s.sary. 

Repeated experiments hav(t shown that the process of separating 
j)otassa and soda, as de.scribed above, gives always a liuhi less jiotassa 
than is really jm-sent. If tbe j)roeft.ss is jmoperly eondiieU'd, the los.s of 
pobi.s.s.'i amounts to no more than 1 })er cent. 1 have found that it is 
usually g;reat,er in cases where tlie concentrated solution of the melalliL: 
chlorides is mixed with bichloride of platinum, and then witli a rather 
large (piantity of alcohol. 

h. Ammonia itjom soda. 

The procc.ss i.s conducted exactly as in a. Sec also § 00, -• ^ 

potas.sii also is present, the jirecipitato jmoduced by bichloride (»i fhe 
tinum is amrnonio-bichloride of j»latinum -f- potassio-hiehloride ol I'hm 
tirium ; in which case the weiglied precipitate is cautiously ignited for 
a suflicient length of time, but not too .strongly, until the chloride ol 
ammouium is ex[)elled, tlie gentle ignition eontinned in a stream ol 
hydrogen or with addition of oxalic acid, the residue extracted ^v it i 
wat(jr, a few drops of hydrochloric acid added il‘ oxalic acid 
enijdoyed, Jiiicl the chloride of potassium in the solution determinei 
directed § ‘J7, 3. The weight found is calculated into potassm 
bichkyide of platinum, and the result deducted I’rom the weight ol tio 
whole jirecipitate : the dilferencc gives the ammonio-bichloride of p ^ 
tinum. The weigldngof the separated jilatimiin affords a good coiitio • 
The method h seldom employed, as that given in 2 yields more cxac 
results. 
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2. Methods hosed upon the VolatiliUj of Ammonia and its Scdts. 

Ammonia from soda and potassa. 

(t. The m/ts of the alkalies to he separated contain the same volatile 4 
mf and admit of the total expulsion of their wider hj/ drpiKj at 
lOlf, tvithont losing ammonia (e.fj., the metallic chlorides). 

Weigli the total mass of the salts in a platinum crucible, and heat, 
with the lid on, gently at first, but ultimately for some time to faint 
r(!(hies3; let the mass cool, and weigh. The decrease of wjhght glx es 
tlui quantity of the ammonia salt. If the acid present is sulphuric add, 

YOU must, in the first place, take care to heat very gradually, as other- 
wise you will suffer loss from the decrepitation of the .sulphate of am- 
nionia; and, in the second place, hear in mind that part of the sulphuric 
lu'idofthc snl|)hate of ammonia remains with the sulphates of the fixed 
alkalies, and that you must accordingly convert them into neutral salts, 
by ignition in an atmosphere of curhonatc of ammonia, before procerd- 
ing to (letcrinine their Aveigbt (compare §§ 07 and 08). ('hloride of 
imiinoninm cannot be. .separated in tins manner from suljdates <.l' tlie 
fixed alkalies, as it converts tlicm, upon ignition, })artly or totalh into 
chlorides. 


h. Some one or other of the conditions given in, a is not f'ldiilhd. 
ll it is impracticiible to alter the eircnmstaiK'es by sinijde iiicaiis so 
as to make the method a ;i|)[dicable, the fixed alkalies tuid the ammonia 
must bo estimated se])ar;itely in different portions of' the substance, 
i he portion in wliich it is intended to determine the soda .‘iiid jxjtassa 
is gently ignited until the ammonia is comj)letely expelled. Tlie 
fixed alkalies are converted, jiccorditig to circumstances, into chlorides 
ur sulphates, and treated as directed in 1 or 6- The ammoniti is esti- 
luatcd, ill another portion, according to § DO, 3. 

3. Indirect Methods. 

fd course, a great many of these may be devised ; but the folloxving 
m tlm only one in general use. 


I’OTASSA FROM SODA. 

^onvert both alkalies intt) neutral sulphates, or iiit< 
*!n wcigli as such ; estimate tlic sulphni ie 

< ) oiine(J 141 ). calculate the (piautities ol‘ the 
‘^’ui these data (see below, ‘‘ (hilculatioii of Analv 
the inrllr/v.f 1 . • • . . 


• (diloridcs (§§ 07 
aeiil (§ i;’)‘}) 01 
-oda and potassa 
i 


Old Diethod of determining jH)tassa and soda is appdicabk 

I ‘^^J'dyscs of mixtures containing lolorubly large quantitiet 

f where this is the case, ihc process answers very 

ordirig also, more particularly, the atlvaniage of expedition, ii 
i§lll^^^^^^^ weighed chloritles is determined volumetrically 


5 


6 


Supplement to the First (ironp. 

StPARATION OK LlTlllA FROM TUI. (•lllEU AlKALTF.S. 

lathia may be separated from potassa and soda in the indirect way, 7 
cither of the lollowing two methtuls; - 
of nitrut^ or the chlorides, dried at 120°, with a mixturo 
^ual volumes of absolute alcohol and anhydrous ether, digest at 
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Km, 

least for 24 hours, with occasional shaking (the salts must be coinplcidY 
disintegrated), decant on to a Hltc'r, and treat the residue again several 
times wifli smaller portions of the mixture of alcoliol and oilier. DeUr- 
mino, on the one part, the nndissolved potassii and soda salts; on the oilioj- 
the dissolved lithia sjdt, by distilling the fluid off, and eonverting the 
residue into sulphate. This method is ajit to give too much lithiuni, 
as the potassa and soda salts, especially the chlorides, are not absolutely 
insoluble in a mixture of alcohol and ether. The results may ho ron- 
dered more accurate by treating the im])uro lithia salt, obtaiiuMl hy 
distilling off the ether and alcohol, once more with alcohol and ctlier, 
with addition of a drop of nitric or hydrochloric aeiil, adding the resi- 
due left to the principal residue, and then conv(?rtiug the lithia salt 
into sulphate. Tf the salts, which it is intended to treat with alcohol 
and ether, have been ignited, how(*ver so gently, caustic lithia, is lonncd 
— in the case of the chloride bv the action of water — and carhonato of 
lithia by attraction of carbonic aeid ; in that ca.se it is necessary, there- 
fore, to add a few drops of nitric, or, as tlie. case may bo, liydrocliloric 
aeid, in the process of digestion. The sejiaralioii ol tin’ cliloride.s of 
the alkali metals by a mixture of (;tber and spirit was originally recom- 
mended by RAMMKLSHKini.* 

If we have to sej)ara.te tlie suljdiates, they must Re eonvortod into 
nitrates or chlorides before tlicy (“an be subjected to the a1)()V(3 mctliod. 
Tills conversion may he effected hy om‘ of tlie processes givmi in 2- 
Instead of the alcoholic solution of chloride of strontium you may 
use an afpieoiis solution of nitrate of .^tn>utia witli a<ldition ol aleolio], 
and iu.stoad of eldoride of lead nitrate of lead may be emj)Ioyed. I, igni- 
tion W'itli chloride of amnioninm does notaiiswc.-r in the ca.se ol sulphate 
of lithia. 

b. \V(dg]i tlie mixed alkalies, best in form of snljdiatcs, and then deter- 8 
nun(3 th(3 lithia as ])liosplKife according to § 100. Iftln' <}nantity ol lithia 
is relativclv verv small, enuvi'rt the weighed .'^nlpliatcs into cliloridcs (7)i 
separate, in tlie first place, tlie jmincipal amount of tin; ])otassa. and soda 
by means of alcohol (§ lOO), ami tlion d(.“tcrniine the lilliia (MAvmit)- 

The se[)aration of lithia from (nnumnia may be effected like tlmt of 9 
pota.s.s<a and soda from animonia (4 and 5)- 
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§ 153.] 

jV. General Method. 

1 The whole of the Alkaline Earths from Potassa and 

Soda. 

rrineijde on which the method i.s based: Carbonate of ammonia pre- 10 
cipltafcs^ from a solution containing chloride of anumniiuni^ out tj baryta., 
and lime. 

Mix the solution, in which the bases arc assumed to he contained in 
the h)rni of chlorides, with a sndicient (luantitj of chloride of ain- 
^ inonium to prevent tlui preci})itation of tlie magnesia by ammonia ; 
dilute rather considerably, add some ammonia, then carl)onatr of 
ammonia in sligiit excess, let the mixtiiiui stand covered for 2 hours in 
a moderately warm place, filter, and wash the precipitate with waii r 
to whiell a few drops of ammonia have been added. 

The contains the baryta, sfrontia, and lime; ihc jiltrofe 

\\iti inaijnesia imd thii alhd.ies. So at least we may as.sume in cases 
where the highest degree of accuracy is not rcmpiircd. Strictly six ak- 
iiig, however, tin; solution still contains exceedingly minute' traces oi 
lime and somewhat more considcral)le traces of baryta, as the car- 
lionates of these two eartlms are not absolutely insoluble in a Iluid con- 
taining chloride of ammonium ; the precipitate also may contain 
possibly a little carbonate of ammonia and magnesia. Treat the 
prooipitale according to § 154, and the filtrate — in rigorous analys('s— • 
as follows: — add 3 or 4 drops (Vmt not much mor(') of dilute sulphuric 
acid, then oxalate of ammonia, and let the fluid .stand again for 1*2 
hours in a Muirin place. If a ]»rccipitate forms, collect this on a small 
hltor, wash, and treat on the filter with .some dilute hydrcchlorie acid, 

^vliicii (lis.solves the oxalate of’ lime, .and letives the sulphate ol baryta 
undissolvcd. Since a little oxalate of magnesia may have scjnirated 
'vith the I’ormer, add sonn^ ammonia to the hydrochloric solution, filter 
;ifter the precipitate has settled, and mix the filtrate with the ])rincipal 
liltrato. 

FiVaporate the fluid containing tlu' maynesia and the allcahes to dry- 
'loss, and remove the timmonia sidts by genth' ignition in a covered 
‘Tucihle, or in a .small covered dish of platinum or porcelain. ♦ Tn the 
Hisiduo, separate the magne.sia from the alkalies by one ol the 
methods given 15 ~ 24 - 

-k Tiir whole of the Ai.kai.ine Earths from Ammonia. — The s:uue H 
I'diiciplc and the sjune process a.s in the separation of }.)oUissa and soda 
‘roiii ammonia (4 and 5 ). 

Special Methods. 

Single Alkaline Earths from Potassa and Soda. 

F Baryta from Pota.ssa and Soda. 

Fi’ocipitate the baryta with dilute sulphuric acid (§ 101, 1, u), 12 
^^■^Torato the filtrate to dryness, and ignite the residue, with adihtioii 
•^'^^vurds the end of carbonate of ammonia (§ 07, 1 and § 08, 1). Take care 

operation effects also the reinovjd of the small quantity of sulphuric acid 
' ed to precipitate the taaces of baryta, as sulphates of the alkalies arc converted 
0 chloridoa of the alk JBlnetals upon igt.iiioii in prcdcnco of a large proportion ot 
^nde of ammonium. 
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to add a sufTicienf quantity of sulplmric acid to convert tlie alkalirs 
also completely into sulphates. 

This method is, on account of its p^reater accuracy, preferable to iIk. 
one in A, in cases where the baryta has to be sejiarated only i’njni one 
of the two lixed alkalies ; but if both alkalies are present, the otiior 
method is more convenient, since the alkalies arc tlien obtained a.s 
chlorides. 

2. Strontia from Potass.\ and Soda. 

Strontia may be separated from the alkalies, like baryta, by nieinis ]^3 \ 
of sulphuric aci<l ; but this method is not preferable to the one in 
ill cases where the choice is permitted (comp. § 102). 

3. Limk from Pot.Vssa and .Soda. 

Precipitate the lime with oxalate of ammonia (§ 10‘), 2, A, u), 
evaporate the filtrate to dryues.s, and determine the alkalies in tlie 
igiiited residue, fu <h‘termiuiug the alkalie.s, dis.'iolve tlu! residue, 
treed by ignition from the ammonia salts, in water, filter the solu- 
tion Iroiu the undissolv(‘d portion, aci<lify the filtrate, according to 
circumstances, with hydrochloric acid or sul})huric acid, and then 
<.!vaj»orate to dryness; this treatment of the residue is necessary, beennso 
oxalate of ammonia partially dec'omprises ch!orid(‘S ol‘ t bc' alkali metals 
upyu ignition, and convi'rts the bases into carbonates, (;xci‘]it in presciuo 
(d' a large projiortion of chloriile ot' ammonium. The results an; 
s;ill more accurate than in A, oxeo]»t wIutc oxalate of anmionia has 
bemi used, after the preei}>itation by carboiuite ol' ammonia, to remove 
the minute traces of lime from the filtrate. 

4. Maonesia from Pota.s.sa and Soda.^ 

a, h/fsal ftjfon the spuniiy sn/ufjilitf/ of Maifnes^a in W tiftr. 

a. .Make a solution of tlie bases, as neutral as possible, and li’ccireiii 15 
ammonia sidts (it is a matter of indin’ereiiee uliether the acid is siil- 
phuric, hydrochloric, or nitric), add liaryta-water as long as a pu'- 
eijiitate f()rnis, heat to boiling, filter and wash tlie precipitate ^vith 
boiling water. The ])reeipitaie contains the magnesia as hydrate; it is 
determined either 
eliloric acid, the 1 
magnesia as [)hos| 
alkalies, which are contained in the solution, acc<»rding to eireumstaiu'cs, 
as chlorides, nitrates, or euustie alkalies, are sojiarated I'rom the liaiyt.i 
as din.'cted in 10 or 12. Lieiidj, who was the first to employ thi* 
method, jirojiuses ery.stallized snljiliide of barium as precipibmb ^ 
method gives good results, hut is rather tedious. , 

ft. PrecipiUite the solution with a little imre milk of lime, boil, liltci, 
and wash. Separate the lime and the magnesia in the prceipitute ‘R' 
cording to 32; alkalies in the filtrate, as directci m 

10 or 14. I am very fond of employing this method in eases m 
the magnesia ]ia.s to be removed from a fluid containing iii'R^ 
alkalies, provided tlie ulkalio.s alone are to be determined. .,0 

y. Evaporate the solution of the chlorides (which must contaiii ^ 
other acids) to dryness, and, if chloride of ammonium is present, 

0 * The methoda a, a and ft are suitable for the separation of magnesia from lid 


as directed in § lO l, J, or it is dissolved in liyvlro 

laryta thrown down with sulphuric acid, and the 
hate of magnesia and ammonia (^ Ib l, ^ 
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the residue with a little water (this will dissolve it with the ex- 
of some magnesia, which separates). Add oxide of mercimy 
1. UP with water, evaporate to dryness on the water-bath, with ire- 
meiit stirring, and proceed exactly as directed § lOl, d, b. There is no 
continue the ignition until the whole of the oxide ot mercury is 
oKiK'lled- on the contrary, part of* it may be filtered off together with the 
nvUesia, and subseqmmtly volatilized upon the ignition of the latter. 
The solution contains the alkalies in ibrin of chlorides. I Ins method, 
proposed by Bkrzklius, gives satisfactory results. Take care to add the 
tixule of mercury only in proper (piantity, and always test the so utmn 
of the alkaline chlorides for magnesia, ol which it will geiieiall} be 


foimd to reUiiii a trace. 

c Add to the chlorides pure oxalic acid in sumpieiit quantit\ m io 
touvert all the bases present, vieweil as potassa, iitto qnadroxalatrs ; 
add some water, evaporate to dryness in a platinum dish, and 
By this operation the chlorhhis of the alkali inetals are partially, tlic 
ddoridc of magnesium completely, converted into oxahd.es, which, ujuu 
ignition, give carbonated alkalies and magnesia. Treat the ivsidm* 
repeatedly with small (piantitics of boiling water ; during this washing 

the precipdRite niay Ixi transferred to the tih^^e^^ remain in the dish, 

110 matter which. When all the alkali silt is washed out, <lry Tlie 
iilter, burn it in the dish, ignite strongly, and weigh the magnesia. It 
tile solution looks a little turbid, evaporate to dryne.ss, tremt the residue 
ivith water, and filter olf the trilling amount of magnesia still remain- 
ing; add, finally, hydrochloric acid to the liltratc, and detenmne the 
alkalies a.s chlorides. . _ _ 

If the bases are present in form of snlphalcs, add to tlie boiling ly 
solution chloride of barium, until the formation ol a precipitate just 
(■oases, Gvajiorate the filtrate with an exce.ss ot oxalic acid, and ]iioiu c 
as in 18. Separate the carhonate of baryta, which remains mixed with 

the magnesia, from the latter, us directed 27- . . . 

Ae owe the.se methods to .MiTSCUKimieH, and the drx ripnoii ot ZU 
them to Lascii.* 1 cun udd my own testimonv to the aeeuiaey o 
the results. Still the weighed alkali salt should always be tested with 
plio.sphate of soda and ammonia for magnesia, rsually a weighable 
pt'oeipitate i.s produced wdiieh cannot be passed over.f 
The method de.serihed in 18 ^“‘7 ^dso Ix' sueeesstully employed 
with nitrates, for which it is, iiuleed, sjK'cially reeoinmendei >y 
htyiLRE.I Carbonic acid and nitrous acid are evolved m the puoccss 

ol evaporation. 


b. Methods based vpon the Prenpitaiiou oj Mat/ncsia bij Pho^phatt 
{or Arse Ilia te) of Ammonia. . 

Add to the solution contiiining magnesia, potas.si, and soda, .mmioiua 
excess, and some chloride of ammuniniii, .‘-should this not m pitscn 
‘^\^oa(ly: precipiitato the inagne.sia with a s/i;/ht excess of imre phospliate 
Hiiinionia. Filter, remove the free ammonia from the hltrate by 
p^Poration, and then pirecipitate the jdiosp.boric acid with acetate ot 
oad as a combination of phospdiutc of lead and chloride ot tear . ve 


* iToiirn f. urivkt. (/lu'iii. O'h 

J '““"Ot recommend^onncuschein'B mitlio.l (Iwiliiig tlie chlorides ® 

''•‘>*er) ; the filtrate ala^s contains insgnesiu, and, indeed, more than mere traces. 
Journ. f. prakt. Chcin. 00, 17» 
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move the excess of oxide of lead from the still hot fluid by aninioni,'^ 
and carbonate of aininoiiia, fdter, and detennine the potassa and sodi 
,in the filtrate as directed §§ ‘J7 and 98(0. L, Erdmann,* IIkintz-]-]. a 
somewhat troubh'somc but very aceurat(‘ method. If tlie soluiio^ 
contains much chloride of ammoiiiuni, it must first be removed ]iv 
volatilization. 

Instead of with oxide of lead you may remove the exei ss of phos- 22 
jdioric acid with oxide of silver. Evaporate the lilt rate from the ;im- 
monio-|)hosphate of maj^nesia to dryness, ignite cautiously, dissolve in 
water and mix with nitrate of silver and a slight excess of carhonnle of 
silver. Filter, remove tlie excess of silver Ifom the liltratc by liydm- 
chloric acid and evaporate the solution with excess of hydrociiloric 
a(“id to dryness ((’uA||^:i:Lj). The .s('paration is somewhat sliortcr, Init 
h'ss precise and also h'ss convenient, if the magnesia is jtrccipitnhMl 
with arseniato (§ 127, 2) insDad of ])hos|)hat(; ol’ ammonia; in this 
case the filtrate is eva])orated to dryness with ehloridt' of aimno- 
nium and the rr‘si(lu(‘ igniti'd undm* a good (diimiK'y. ddu* exci ss of 
arsenic acid volatilizes, while the alkalies remain as chlorides (idwavs 
retaining, however, a litth‘ chloride ol‘ magnesium). C. v. llAri;!:| 
recommends a similar method. 

c. Mv.iltdd haml t>n fhc Preripifafion of the Mogneshi as Carboutiic 

of Aimnonia and }fa(pn'sia. 

Mix the solution ofsulphat.es, nitraU'S, or chlorides (it must lie vorv 23 
conc('ntrated) with an excess of a concentrated .solution of ses(|nicaiho- 
nate of ammonia in water and anunonia (2d() grin, of tlui salt, bS(l 
c. c. solution of ammonia sp. gr. 0-‘.l2, and wat(‘r to 1 litre). Alter 
twenty-four hours filter off the ]»recipitate (Mgld, + 

■1 a(|,), wash it with the .solution ol* caustic, and carbonated aiiiinoiiia 
used for the preadpitation, <lrv, igniU' .strongly and 1‘or a sullieieiit length 
of time, and weigh the magnesia. Evaporate tlie filtrate to dryne.'^s, 
keeping the heat at lir.st umler 10(F, ex[)<d the ammonia salts, and de- 
bu’iniiio the alkalies as chlori<les or sulphates. When soda alone is 
pre.sent the results are satisfactory. In tlni j)resen(‘.e of [xitassa the 

ignited magnesia mu.st be extracted with water, before weighing, as it 

contains an a]»prc-ciable ipiantity of carbonate of jiotas.sa ; the wasli- 
ing.s are to be added to the [udncipal filtrate. Thi.s last iiiea.siin: is 
unnecessary in the alisence of jnitas.si. Jiesults satisliictory ; the niag- 
nesia is a little too low. Mean error (F. Cf. 8cnAi'FU0Tscii,f Ih 

Wkheu**). 

d. Indirect Method., rrhich (jives alsn^ at the same time, the (pKiiiftlH 

(f Jhftassu and Soda, If both are present. 

Fonvert, wdth proper care, the bas(;.s into pure neutral sulphahb 
weigh, dis.solve in water, and determine the sulphuric acid by chloiitai 
of barium (§ 132); precipitate the excess of baryta from the lihi‘‘te 
by sulphuric acid, filter again, eonceiitrato the filtrate by evapoiatieif 
and determine the magnesia as directed § 104, 2 (K. Lisi'tl)- 

* Joum. f, prakt. Chem. 39, 278. t Pogg. Annal. 73, 113. 

t C(nnpt. Bend. 50, 94. 

II Jahrbuoh dcr k.k. geologiachon JleicliHaiiHt^t, iv. 803. 

H Pogg. Aiiujil. 1U4, 482. VicrtoljiihrHHcliriftT prakt. Pliarin. ; 

tt Annal. cL Clicni. u. Pharm. 81, 117. 
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r l -ulate the magnesia found into sulphate, and deduct the resulting 
the total weight of the sulphates : the difference shows 
'r^uaiitity of the alkaline sul[)hates; deduct also the sulphuric acid 
biued with the magnesia IVoni the total (piantity of sul[)huric acid: 
gives the amount combined with the alkalies. See 6- 


II. Separation of the Oxides ok the Second Group from 

EACH OTHER. 

§ 154. 

Index .—The Nos. refer to those in the margin. 

Baryta from strontia. 20, 29, 00. 

„ lime, 20, 2S. 29, 30. 

,, magnesia, 25, 27. 

Strontia from baryta, 20, 29, 30. 

„ lime, 31, 34, 35. 

,, magnesia, 25, 27. 

Lime from baryta, 20, 28, 29, 30. 
strontia, 31, 34, 35. 

,, magnesia, 2.5, 30, 32, 33. 

Mayncsia from baryt.a, 25. 27. 

,, strontia, 25, 27. 

lime, 25, 30, 32, 33. 

A. General Method. 

THE WHOLE OK THE AT.KALINE EARTHS FROM EACH OTHER. 

Proceed as in 10. Tln^ mairuesi.'i i.s j)r('cii)itateil Iroin the liltrate 25 
Avilh ihosphate of soda. Tin' precii)itatod carbonates of tlie baryta, 
strontia, and lime, are dissolved in hydrochloric acid, and tlio ba^es 
sepiiratod as directed in 26- 4dic traces of magnesia, whieb may be 
|•r(‘se.llt in the carlionate of ammonia preeipitat(‘, are obtained by eva- 
puniting the filtrate from the sulphate of strontia or linn' to dryness, 
taking up the residue with ivtiter and precipitating the solution with 
pliuspbate of soda and ammonia. 

Ik Special Methods. 

1. Methods based upon the InsoluhiUtii oj .^ihcoihitn'tdc of Barium. 

IkVRYTA FROM StRONTIA AND FROM IjIME. 

^lix the neutral or slightly acid solution with hy jjpilluosilicic acid* 26 
excess, add a volume of .sjdrit of wine c<(ual or som(‘what inferior to 
■ that of the fluid (II. Rose), let the mixture stand twelve hours, eolleet 
precipitate oi' sHicofluoride of barium on a weighed lllter, waish with 
'^•'lixtvire of equal jiarts of wa.ter and spirit of wine, until the washings 
'“ease to show even the least trace of acid reaction (but no longer), ami 
h) <11' 100'^. Proeipitate the strontia or lime Irom the liltrate by dilute 
sulphuric acid (§ 102, l,u,aud§ 103, \,a). The re.sultsjirc s.utisfaetory. 

die properties of silieolluoriile ol barium, see § / I. If both 
strontia and lirne are present, the sul]>hales are weighed, converted into 
!'''d)onates (§ 132, IL, b), mid the two bases then separated as directed 

34 or 35. 

* If not kept in a gutta-percha bottle it should be freshly prepared. 
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2. Methods based upon the lusolubdif// of Sulphate of Barpa or 
Sulphate of Stroutia, as the rase may he^ in water and in Sok- 
tion of Hyposulphite of Soda. 


a . Bakyi'a and Strontia frOxM Magnesia. 

Precipitate tlie baryta and strontia witli suljdniric acid (§ I'Ol, 1, ^ g? 
and § 102, 1, a), and tlie magnesia from tlio iiltrate witli piiosphato of 
soda and ammonia (§ 104, 2). 


b. Baryta from Lime. 

Mix the solution with hydrochloric acid, then witli liighly dilnto 28 
sulphuric acid(l part acid to ^00 water), as long as a jmicijiitato forms; 
allow to deposit, and determine the sulphate ot‘ baryta as direckd in 
§ 101, 1, a. Concentrate the washings by evaporation, and add tlicni 
to the filtrate, neutralize the acid with ammonia, and precipitato tlio 
lime as oxalate (§ lOd, 2, a). The method is j)rinci[)ally to horocom- 

mended when small quantities of baryta have to lx; s(!parat(;d Crom 
much lime. If we have to sej)arate sulphate of lime Ifom sulphate uf 
baryta the sjilts may (in the absence of tree acids) be treated repcatedlv 
witli a solution of hyposulphite of soda at a gentle heat, ddio siilpliato 
of baryta, remains undissolvaal, tin; sulphate of lime diss(dv(;s. The 
lime is prccijiitited trom the filtrate by oxalate of ammonia (Diehl*). 

y. Method lutsed upon the dijjereiit d( port incut with (^arho)iat(d 
AlLudies <f Sulphate (f Baryta on the one hand, and Suljihates 
of Strontia and Jauic on the other. 


Baryta fiiom Strontia and Lime. 


Dige.st the precijiitited sulphates of the three liases lor twelve liours, 29 
at the common temperatuia* (lb — 20 ), with freipKuit stirring, with a 
solution of carbonate of ammonia, dec.-int the fluid on to a filter, treat 
the n.'sidne repeatedly in the same way, wash finally witli water, and in 
the still moi.st pre<;ipitatc, separate the umh'composed sulphatt; ofharyta 
by means of cold dilutx; hydrochloric acid from tin; carbonates of' strontia 
and lime formed. To hasten the .separation you may boil the suljdiatcs 
fiir .some time with a solution of carbonatx* of potas.sa (not soda), to 
which \ the amount of the carbonati*, or more, of suljdiato of j^otas.^^a 
has been added. I>y this ])roce.s.s al.so the sulphates of strontia and 
linn; are decomjio.sed, the sulphate of baryta remaining unacted on. 

If the l)ases arc in solution, the above solution of carbonate and .sul- 
phate of [jota.s.sa is a^ded in exce.ss at once, and the whole boiled, ihe 
preedpitate, consi.stinj^f sulphate of baryta and carbonates of .strontia 
and lime, is to be treated u.s above with cold liydrochluric acid (H- 

Po.siif). 


4. Method based on the Tnsoiubility of Sulphate of Lime in Spu'itf 
Wine. 

Small quantitie.s of Lime from much Magnesia. Convert the liases 30 
into neutral sulpliates, dis.solve tlie ma.s.s in water, and add ah'ohol witn 
constant stirring, till a slight piirmaneut turbidity is produced. 
a few hours and then filt(;r, wasli the precipitated sulphate of hu'^ j 
alcohol, which lias been diluted with an eijual volume of water, an 

* Juum. f. prakt. Chem. 70, 30. f Pogg. Annal. xcv. 286, 209, L/- 
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determine it after § 103, 1, « (in which case the weighed sulplmtc must 
be tested for irmgtiesia), or dissolve the preciidtate in water containing 
hydrochloric acid and separate tlio lime from the small quantity cTl' 
magnesia possibly coprecij)itated according to 32 (Scheeueh*). 

5. Method based on the Insolnbi/it// of Sulphate of Strontia in 
solution of Sulphate of Ammonia. 

Strontia from Lime. If the mixture is soluble, dissolve in the smallest 31 
quantity of water, add about 50 times the quantity of the substance 
of sulphate of ammonia dissolved in four times its weight of water, 

;md cither boil for some time with renewal of the water that evaporates 
and addition of a very little ammonia (as the solution of sul])hat.' of 
aiiunonia becomes acid on boiling), or allow to stand at the ordinary 
temperature for twelve hours. Filter and wash the })recipitate, which 
ruiisists of sulphate of strontia anda little sulphate of strontia and ammonia 
with a concentrated solution of sulphate of ammonia till the washings 
remain clear on addition of oxalate ol‘ ammonia. The precij)ilat(' is 
uiiitioiisly ignited, moislemrd with a little dilute sulphuric acid (to 
Luiivert the small quantity of snlidiide of strontium into suljdiatc), and 
weighed. The highly dilute tlltrate is precipitated with oxaiate of 
ammonia, and the lime debumiincd according to § 103, 2, b, a. If you 
have the solid suljrhatcs to analyse, they are very finely jxrwdcrcd and 
hoiled with concentrated solution ot sulphate of ammonia with renewal 
of the eva})orated wab'r and addition of a little ammonia. Ib'siilts very 
close, e.ff., Fobs SrO, NO instead of 1053, and 0-41)7 Cat ), CO , in- 
skad of 0-504 (II. UosEf). ' 

G. Methods based upon the. Insolubility of Oxalate of Lime in 
Chloride of Ammonium and in Acetic Acid. 

biME FROM MaONESIA. 

«• Mix the properly diluted solution with suflicient chloride of 32 
'‘inmuninui to prevent the formation of a prcci}>itate by ammonia, which 
mklod in slight excess ; add oxalate of ammonia as long as a preci- 
pitate forms, then a further portion t)f tlic sanu' rcagmit, about sulli- 
ciuit to convert the magnesia also into oxalati* (which remains in 
^c iilion).^ This oxces.s is ahsolutely indispcns;ible to insure complete 
hmc, as oxalate of lime is slight I v soluble in solution 
n/ inugnesiuin not mixed with oxalatt' of ammonia (Kxpt. 

tip' 1 mixture stand twelve lumrs in a modi'ratcly warm 

are, ecant the supernatant clear fluid, as liu- as pr^^icahlc, from the 
jrocipii^gyq ot lime, mixed with a little oxah^ of magnesia, on 

^ mter, wash the preeipitjite once in tlu' same way by docanta- 

^ in hydrochloric acid, .uld water, then ammonia in 
the **^*^*^^ ^ oxalate of ammonia. Let the fluid stand until 

lilt has completely subsided, then pour on to the previous 

asT' precipitiite fnuilly to the hitter, and proceed exactly 

^^6, 2, by a. The first filtrate confains the larger portion 
second the remainder. Kvaporatc the second fil- 
bvo liydrochloric acid, to a small volume, then mix the 

tof precipitate the magnesia witli pho.sphate of soda as 
^ § 104, 2. If tlie quanf ity of amiuonia salts present is con- 

■A-nnal. d. CUem. u. Phami. 110, ‘237. + Pogg. Annal. 110, 290. 
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sitlerable, the estimation of the magnesia is rendered more accurate by 
cva])oratiug tlie fluids, in a large platinum or silver dish,* to dryuoss 
and igniting the residuary s;ilinc mass, in small portions at a tiiue, in 
a smaller platinum disli, until the ammonia salts arc expelled. The 
residue is then treated witli hydrochloric acid and water, luat ajiplicd, 
the fluid filtered! and finally prccipiUited with ammonia and phosphate 
of soda. 

Numerous experiments have convinced me that this method, wliieli 
is so frc(piently employed, gives ac(;urate results only if the I’orcgoing 
instructions are strictly complied with. It is only in cases wliere die 
quantity of magnesia present is relatively small, that a single precipi- 
tation with oxalate ol‘ ammonia may^ he found siiflicient (coinp. Expt. 

No. 93). 

h. In the case of lime and magne.sia comliined with jhosphoric acid, 33 
dissolve in the least {lossihle quantity of hydrochloric acid, add animonia 
until a co])ious i)recij)itate forms; redis.solve this liy addition of acetic 
acid, and precipitate the lime from the solution with an excess oj‘ oxa- 
late of ammonia. To determine the magnesia, jirecipitale the tiltrate 
with ammonia and phosphate of .soda. As free acetic acid liy no means 
jirevents the precipitation of .small quantities of oxalate of iiiagiiesia, 
tlie [irecipitate contjuns .sonie magnesia, and, as oxalate of lime is not 
quite insoluble in acetic acid, the filtrate contains some lime; tlnse 
two sources of error compen.sjitc each other in some measure. In accu- 
rat(‘ analy.se.s, lujwevcr, tlaxse trilling admixtun's of magnesia and lime 
are afterwanhs separated from tin; weighed precipiUittxs of carbonate of 
lime and pyrop]ios]>hate ol'magJiesia resjyectivcly. 

7. Imscd upon the Itosoluhilif// of Xitrate of ^t}' 0 )dtu ui 
Alcohol. 

Stuontia I'ltoM Limk {after .STUO.\y;Yi:R). 

Treat the nitrates with absolute alcohol, to whicli an eipial volume 34 
of ether should be added (II. liosi;). Filter oil the undissolved iiitralo 
of strontia, wash with the mixture of alcohol and ether, dis.solvc in 
water, and d(;termino as suljdiate of strontia (§ 102, 1). Prcciihato 
tli(‘ lime from the filtrate by sulphuric acid. The re.sults arc satis- 
iactory^ 

8, Indirect Method. 


Strontia from Limk. 

Determine both b^es first as carbonates, precipitating them cithor 35 
with carbonate or wim oxalate ol‘ ammonia 102, 103); then csii- 
mate the amount of carbonic acid in them, and calculate the amouul' d 
strontia anrl of lime as directed in § 200. 9’he determination of 
carbonic acid may be cllected by fusion with vitrified borax (§ 

II., r), blit the apjdication of a moderate white heat, such as is given 'Y 
a good gas blowjiipe without the use of a crucible jacket, is alone siil^ 
eient to drive out all the carbonic acid from both the carbonates (I ■ 
SruAFFooTSCliJ). I Can strongly recommend this method. It ns mi 

* A porcelain (HhIi does not niiHwtJr so well (see Kxpt. No. 3)- ... v 
t If the process (jf evaporation has been conducted in a silver vessel, a ' 
ride of silver will often se]taiatn. 

+ Fogg. Aiiual. 113, 015. 
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0 precipitate the carbonates lipt, to press the precipitate cautiously down 
n the platinum crucible and turn over tlie aggloirieratcMl cjike every 
liow and then till, after repeated ignitions, the weight has become con- 
ifint The results are good, if neither of the bases is present in too 
npnute (quantity. 

The indirect separation may of course be effected by means of other 36 
silts and wm be used also for the determination of LiMii in riiKsiiNCt: or 
livnVTA or of BARYTA IN PiHvSKNCE OK STHONTFA. In the expul.sioii of ear- 
liuiiic acid from carbonate of barytii vitrified borax must be used 
(§139, 11., c). 

THIRD GROUP. 

Alumina — SES ciUioxiDU of Chromium. 


1, Separation of the Oxides of the. Third Group from the 
Alkalies. 

§ 155. 

1. From Ammonia. 

(!. Salta of alumina and of se.squioxidc of chromium may be sepa- 37 
rated from salts of ammonia by ignition. However, in the eas(‘ of 
alumina, this method is applieahle oidy in the ahsenee ol chlorine 
(volatilization of chloride of aluminium). The siifo.st way, tlierdore, 
is to mix the compound with carbonate of soda before igniiiiig. 

h. Dctcrriiino the ammonia by one of the metliods given in § 90, 3, 38 
usiiijf solution of pdtassii or soda to elfeet the 'expulsion ol' the ammonia. 

Tlie alumina and .ses<piioxitle of ebromium are then determined in the 
I’esiiliie ill the same way as in 39 . 

'L From Potassa and Soda. 

ef. Precipitnte and determine the sesipiioxidc of chrominm and 39 
‘iliiiniria as directed in § 105, u, and § 106, <t. Tin' fill rati' eontains 
tlio alkalies, which are tlu'u treed irom the sjilt ot ammonia formed, 
b' evaporation to dryness ;md ignition. 

Alumina may ho separated also from potassji and soda, hy heating 40 
ti'c nitrates (see 42 ). 

T Separation of the Oxides of the Third Gi:oup from the 
Alkaline Earths. 


§ 156. 

Index : — The Nos. refer to those in the margin. 

Alumina from baryta, 41, 40, 47. 

,, stroiiti.a, 41, 40, 47. 

,, lime, 41, 40, 48, 4i), 1)0. 

,, magnesia, 41, 40, 4l>, .'iO. 

Sesquioxide of chromium from the alkaline e.%rths, 51, 52. 

^fPARATlON OF AlUMINA FROM THE AlKALINE KaRTHS. 

A. General Methods. 

WHOLE OF THE AlKALINE EaKTHS FROM AlUMINA. 
h Aleijiod based upon the Preripitniioit of Alumina by Ammonia^ 
upon its i^olution in Solution of Soda. 
moderately dilute hot solution (preferably in a platinum 41 
)^'yth a tolerable quantity of eldoride of umnionium, it such bo not 
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already present, add ammonia in moderate excess, and boil till no 
more Iroc ammonia is observable. Under these eircnmstanccs, a little 
magnesia, and also a small quantity of carbonate of lime, baiyta, or 
strontia are at iirst precipitated along with the alumina; on theboilinjr 
with chloride of ammonium, the coprecijntiitcd alkaline earths re- 
dissolve, so that the alumina finally retains only an unweighahle or 
scarcely weighablc trace of magnesia. Allow to de})Osit, ami proooo,! 
with the alumina determination according to J 105, u. After it has 
been weighed fuse it for a long time with bi.sul])hate of potassa, dissolve 
the fused mass in water, and determine aiiy silicic acid* that may 
remain. The solution, when mixed with potassa in excess, will nut 
ap])ear perfectly clear, but will contain a few flocks of niagnosia. If 
there is any amount of the latter, filter it off, dissolve in nitric acid, 
precipitate with ammonia, boil till the fluid ceases to snudl ofaininoniii, 
filter, eva[)orate the small quantity of fluid in a platinum capsule, i|j;iiitc, 
weigh the residual magnesia, deduct it from the alumina and add il,on 
tliG other hand, to the jorineipal (piantity of tlie magnesia. In order to 
tlie further s(*j)aration of the alkaline eartlis, acidily tlu; fluid containing 
them w'ith hydrochloric acid, evaporate (preferably in a idatiiiuiii dish) 
to a small bulk, and while still warm add ammonia just in excess. 
A small }>reci[)itat.e of alumina is .sometimes formed at this stage; 
filter off, wash and weigh with the prinei|)al ])recipitate. In the 
filtrate determine the alkalim^ earths according to § 151. 


2. Method hnml 'upon the nnetpnd Deannjwsohilifi/ of the 
at a Moderate Heat (Dnvim.Hf). 

To make this simple and convenient method appliealde, tin* bases 42 
must be jiresent as pun* nitrates. Kva]K>rat(! to djyness in a plnliiiiiin 
dish, and beat gnulually, with the cover on, in tlu^ sand- or air-batli 
— or, better still, on a tliiek ij;<.)n disk, with two cavities, (oio for 
the platinum dish, the other, filled with ]»ra.ss filings, for the tbcrino- 
meter (comp, § 31) — to from 20f)'’ to 250°, until a ghnss rod moistened 
with animorua ceases to indicate furtber evolution of nitric acid liinics. 
You may also, without risk, coutiiiuo to heat until nitrous acid vapors 
form. The residue consi.sts of alumina, nitnitcs of baryta, strontia, 
and lime, and nitrate and l)asie nitrate of magnesia. 

Moisten the mass with a couct'iitrated solution of nitrate of aai* 
rnonia, and heat gently, but do not evaporate to dryne.ss. hepcat tins 
()j)eration until no furllier evolution of ammonia is j»ereej»tihlo. (1'“- 
basic nitrate of magnesia, in.soliible in water, dissolves in idfraic ot 
ammonia, with evolution of ammonia, as neutral nitrate of magnesia ) 
Add water, atid digest at a g(‘ntle beat. . , 

If the nitrate of ammonia has evolved only impcnapfi ^ 
traces of ammonia, pour hot wate r into the dish, stir, and f 
drop of dilute ammonia; this must cause no turlddity ^ 
fluid ; should the fluid heeome turbid, this ])roves that 
of the; nitrates has not lieen eontinm'd hmg enough ; in wlm i r* 
you must again evaporate tlie contents of the dlsli, and he.it one 

luliir 


The alumina remains iindissolvcd in the form of a dense gran 

* A. Binall quantity will always be found if you have boiled in » ^ 

veHsel. 

t Joum. f. prakt. Chem. 1853, 00, 9. 


•celaifl 



BASES or OEOOP III. 


§ 156 .] 


371 


mbstaiicc. Decant after digestion, and wash witli boiling water; 
•1 Ite strongly in the same vessel in which the separation lias been 
and weigh. Separate the ullvaline earths as directed § 154. 
^ In the same way alumina may be separated also Irum potassa and 


soda- 

3. Method in which the processes of 1 and 2 are combined. 

Pred[)ibitc the alumina as in 41, wash in the same Avay as there 43 

lirected then treat while still moist with nitric acid, and ]»roceed ac- 
Lor(]in'»- to 42 to remove the trifling amount of niagne.sia, <U'., copreci- 
lil'iled • add the solution obUtined to tlio jirincipal solution of tht' 
alkuhne earths, and treat the fluid as dire‘cted in 41 - This method 
iiiay 1)0 cm[>loyed also in the ease of chlorides ; it will be sometimes 
found useful. 

4. Method based upon the Precipitation of Alumina bp Acetate or 

Formiate of Soda upon hoilinp. 

Tlie same process as for the separation of sesquioxide of iron from 44 
ilie iilkaline earths. The method is employed more i)articularly when 
both alumina and ses(piio.xidc of iron have to be .seiiarated from alka- 
line earths at the sixme time. 


5. Method based on the Precipitation of Alumina bp Snrrinate of 
A nimonia. 

Proceed a.s for the precipitation of sescpiioxide of iron by the same 45 
reiigmit (§ 113, 1, c) ; especially to be employed, when alumina and 
stsi[iii()xi(ie of iron are both to be separateil I’nmi alkaline earths at the 
same time. 


1). Method based upon the Formation of a Soluble Alkaline Alumi- 
nate in the dru ivai/. 

Scene. ‘ 46 


B. Special Methods. 

Some of the Alk.\line E.vuth.s from Aecmina. 

1. Methods based upon the Precipitation of some of the Salts of the 
Atkaline Earths. 

( t . Baryta and Stuontia from Ain’MixA. 

hrecipiUite the barytii and strontia with suljdinrir acid (§§ 101 and 47 
h'-), and the alumina from the filtrate as direeteil § 10.), (f. Tliis 
ii)ctliod is especially suited for the separation of baryta from alumina. 

b . Lime from Alumina. 

Add ainmonia to tbe solution until a permanent precipitate forms, 48 
acetic acid until tliis precipitate is retli.^solvod, then aeetate of 
and finally o.valatc of ammonia in slight excess (§ 10.,, 2, 

’id); allow the precipitated oxalate of lime to <leposit in the cold, 
filter, and precipiUitc the alumina from the tiltrate as directed 
^ «. Compare 115. 

Maonesia and small quantities of Lime from Alumina. 

Mix with some tartaric acid, supersaturate with ammonia and from 49 
clear fluid (in the presence of eiiongh alnmiiia no tartrate of lime 
' P^'ceipitated) precipitate first the lime by oxalate of ammonia, then 
‘ ^itguesia by phosphate of soda. If the alumina is to bo determined 

B u 2 
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K 151, 

ill tlic filtrate, the latter must he evaporated with addition of carLonati; 
of soda and nitre to dryness, the residue ignited, softened vitli Avato,-^ 
dissolved in hydroehlorie acid (not in the platinum di.sli), and tlio 
alumina preeijntated by ammonia. The aminonio-phosphato of iiia;r. 
nesia which may contain basic tartrate of magnesia is to bo (li.ssolvod 
in hydrochloric acid, reprecipitated with ammonia, ihen^ driud and 
weighed. 

2. Melhod based a pan the Precipitathm of Alnudna hij Carbon ok 
of Barpta. 

Alumina i kom Magnesia, and small quantities of Lime. 

Mix the slightly acid dilute Iluid in a Hash, with carbonate of baryta 50 
(sliakim u\) with water), in moderate excess; cork the llask and let tlio 
mixture stand in the cold until the hydrated alumina has snhsided, 
Avash ])y deeautation throe times, lilter, and tlum determine the alumina 
in the preedpitato as <lirocted 47; <1*'* filtrate, first ])rocii)itate the 

baryta by sulphuric acid ( 28 ), sei»arate the lime and mag- 

nesia according to § 151. 

.SeI’AMATION of SESipiIOXl DE of ChUOMIUM FJlOM THE AlKALINE 
IOakths. 

The l>est w.ay to effi^ct the separation of sesquioxide of ehroniiiiiii 51 
from all the alkaline earths at tin* same time, is to convert the .s(;s(|iii- 
oxide into cbi'omic acid. For this jnirpo.'^c the pulveri/.ed substance ift 
mixed witli 'Jj, parts of j,uro carhnuotr of soda and 2^ jiarls of nifriiti’ 
of potassa, nud the mixture heated in a platinum crucible to fusion. 

On treating the fu.scd ma.ss with hot water, the chromium dissolves as 
alkaline chromate; the residue contains the alkaline earths as carbo- 
nates, or in the cau.stic state (magnesia). The {diromiuin in thr’ 
solution is determined .as directo<h§ 180. 

I need hardly ob.serve that se.'^cpiioxide of chromium may also lio 
separated from havijla and, though less ],erl‘e('tly, irom stroiitm, !>} 
means of sulphuric acid added to tln^ acid solution of tlu' substance. 
Se.squioxide of chromium cannot be .sej)arated by ammonia from t a 
alkaline earths, since, oven though carbonic acid be cunqilctcly ex- 
cluded, [, articles of the alkaline earths arc thrown down with tie 
.ses(|uioxide of chromium. From solutions ccmtiuning a salt ot scs 
(piioxide of chromium, lime cannot bo precijiitated cornj'letely h\ 
oxalate of ammonia; but it maybe by Hulphuric acid and ahoio 
{§ 11)3, 1). 

III. Sei'auation of Sesquio.xide of (Ihkomium fhom Alumina. 

* 1 CO 

a. Fuse tho oxides with 2 part.s by weight of nitrate of 
4 parts of carbonate of soda, in a platinum crucible, treat the 
ina.ss with boiling water, rinse the contents of the f'.i'i'rate 

porcelain dish or beaker, add a somewhat large quantity ol 
of potassa, super.saturate slightly with hydrochloric acid, evapon 
the consistcn(;e of syrup, and add, during the latter process, son^ 
(ddorab; r,f potassa in portions, to remove the free of 

Dilute now with water, and precipitate tlie alumina jo^vu 

ammonia or ammonia as directed in § 105, a. The alumina a 
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§ 158.] 


from sesqnloxulc of cliromluin. In the filtrate the chromium in 
1 Tormined as directed § 1 30. If you omit the evaporation with liydro- 
Horio 'icid and chlorate of potassa, part of tlie cliromic, will he reduced 
r . the nitrous acid in the Iluid, and sesquioxide of chromium will 
arcordingly, upon addition of ammonia, precipitate Avith tlie alumina. 

Dissolve the oxides in hydrochloric acid, add soda or potassa 54; 
i solution in sufficient excess and .saturate tlie clear green .solution witli 
lilorine gas. Tlie sesquioxide of chromium Avill be converted into 
eliroinic acid, and the alumina partially seiiarated. When the ljuid 
li;is become of a ]nire yellow color, heat to remove the excess ol chlo- 
rine add carbonate of ammonia., and digest to destroy the hyiiochlorous 
acid and precipitate the still dissolved alumina, filter olf the alumina, 
and determine it acaiording to § 105, a. In the Iluid the chromium is 
(lotermincd according to § 130, I, n. (WoiiLEii|). 


FOURTH GROUP. 


OXIDK. OF ZINC— imOTOX IDE OF MANG.XNESE PROTOXIDE OF NICKEL 

I'UOTUXIDE OF COllALT PROTOXIDE OF IKON SEStiUIOXl DE OF IRON 

—(sEsquioxiDE OF uuanicm). 

I. Separation of the Oxides of the Fourth (irocp from the 
Alkalies. 


§ 158. 

A. General MethocU. 

1. All the Oxides of the Fourth Group from Ammonia. 
rroceed as for the separation of sesquioxide oi chromium and 55 
■ilumina from ammonia, 37- 1^ must be borne in mind that the 

oxides of the fourth group comjiort themselves, upon ignition with 
liiloride of ammonium, as follows: — Ses<piioxi(h' ot iron is jiartly 
volatilized as sesqulehloride ; the oxides ol m.’Uiganeso are converted 
into protochloride of manganese, containing ])r«>tosos(puoxide ot that 
metal; the oxides of nickel and colialt are induced to the metallic 
s^tatc; oxide of zinc volatilizes, with access air, as chloride ol zhu 
(II- Hose). It is, therefore, generally the .si lest way to add carbonate 
ot soda. The aunnonia is determined in a .separate jiortion. 


2. All Oxides of the Fourth (Dku p from Potassa and Soda. 

^hx the solution in a Hash with chloritle ol ammonium ll neccs.>di} , 56 
‘^Jd ammonia till neutral or slightly alkaline, then yellow sulphide ol 
miimonhnn saturated Avith sulphurelled hydrogen, till the llask neai y 
^0 the top with Avater, cork it, allow the preci})itated suliihide.s to 
*ide, and then filter them off from llu' Iluid eontainiug the alkalies. In 
I'oi forming this process the precaut ionary rulc.s given under the hca( s ot 
m several metals in question (§§ 1 DS — 1 1 3) must l)o borne in inind.| ( 
^'''^withstanding, the tiltrate is brownish, acidify it with acetic acid, boil 
-'^''d tilter off the small quantity of the sulphide of nickel which then 
^^'arates.) Acidify the liltratc with liydrochloric acid, evaporate, filter 

+ Annal. 89, 142. t Annal. d. Chem. u. Pharm. 106, 121. 

cobalt may bo separated from the alkalies also in tho manner gu eu 
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off the sulphur, if necessary, continue the evaporation to Jryness, 
the residue to remove the ammonia salts, and determine the alkalies by 
tlie methods given § 152. 

B. SiH'cml MethoiU. 

1. Oxide ok Zinc from Potassa and Soda, hy pr('('ipitatin? 5 ^ 
tlie zinc from the solution of the acetates wdlh .sul])limett(id 
hydrogen (sec 82 )- 

2. Protoxide of Mickel and Protoxide of Porai/p from the 
Alkalies, l>y igniting the chlorides in a stream of liydioircn 
gas (sec 88)- 

3. Sesquioxide of Iron from Potassa and Soda, hy ])rcci])Itai,- 
ing the ses<piioxide of iron with ammonia ; or hy heating the 
nitrates (see 42 ). 

4. Protoxide of Manoanese from the Alkaiaes. 

a. Saturate the solution with chJoriney and precipitate tlie 58 
manganese — as hydrated sescjuioxide — noth carlionate of 
haryta or ammonia. The latter precipitant is apt to leave 
some manganese in solution. 

h. Precipitate the manganese with peroxide of load (Giiiiis); 
(see 63 )* The acid with ndiicli the bases are comliiiied may 
lie hydrochloric, nitric, or sulpliuric. If the clioice is alloM'ed, 
select tlie lirst. 

c. Heat the nitrates (Deville) ; (see 66 )* 

11. Serauation of the Oxides of the Fourth Grour from the 
Alkaline Earths. 

§ IhO. 

Index : — The Nos. refer to those in the margin. 

Oxide of zinc from baryta, strontia, and lime, 69, CO, 61, 68 . 

M magnesia, .69, 61. 

Protoxide of mangantse from baryta, strontia, and lime, .69, 6 (), () 3 ~-d 7 . 

,, magnesia, 59, 68 — 67. , . 

Protoxides of nickel and cohaltUom baryta, strontia, and lime, 59, 60, 08 , 

,, magneKia, 59, 69. 

Sesquioxide of iron from baryta, strontia, and lime, 69, 60, 62. 

,, magnesia, 59, 62. 

A. General Method. 

All Oxides of the Fourth Group from the Alkaline Farthn 

Add to the solution chloride of ammonium, and, if ^^dd, alj’O 59 
ammonia, and [►recipituto with sulphide of ammonium, as in 56- 
care to use slightly yellow snijdiide of ammonium, j)erlectly saturato(_ 
with sulphuretted hydrogen, and free from carbonate and sidpEdt' c 
ammonia, and to employ it in snflieient excess. Insert the coik, 
let the flask stand tor some time, to allow the precipitate to 
then wash (piickly, and as tar as jmaeticahle, out of the eonlact 
with water to which some sulphide of ammonium ha.s heeii ‘ 1*^1 
Acidity the filtrate with hydrochloric acid, heat, filter from the 
and separate the alkaline earths, as directed in § 154. P 
is brownish from a little dissolved sulphide of nickel, acidify it ^ 
acetic acid instead of witli hydrochloric acid, boil, and filter. 
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§ 159.] 

If the quantity of the alkaline earths is rather considerahle, it is 
'idvisJihle to treat the slightly washed precipitate once more with hydro- 
chloric acid, (in presence of nickel or cobalt, it is not necessary to 
edect corn])lete solution,) heat the solution gently for some time, and 
then rcprccipitate in the same way. 

If we have merely to efiect the removal of nickel and coT)alt, we may 
also alter addition of sulphide of ammonium, acidify with acetic acid, 
aiid'liltcr. Cobalt alone may be separated as follows : alter pretnpitat- 
iii-r the amrnoiiiacal solution with sulphide of ammonium, boil the 
whole till the free ammonia has escaped, add a few drops of sulphide of 
ammonium and ammonia, and filter (H. Kose*). 

B. Special Methods. 

1. Baryta, Stkontia, and Lime, from the whole of the Oxides 

OF THE Fourth Group. 

Precipitate the baryta and strontia from the acid solution with 60 
sulphuric acid (§§ JOl and 102), in the ])reseucc of lime add 
J- — J volume of strong alcohol (§ lOo). For baryta this method 
is preferable to all others. 

2. Oxide of Zinc from the Alkaline Earths. 

Convert the bases into aemtates, and precipitate the zinc from the 61 
solution as directed in § 108, 1, b. 

0. Sksquioxide of Iron from the Alkaline Earths. 

(i. Mix the somewhat acid solution with enough chloride of 62 
ammonium, lieat to boiling, add slight excess of ammonia, 
boil, till the e.xcess of the latter is exjielled, and filter. Ilie 
solution is free from iron, the proei[)itate is free from lime,^ 
baryta, and strontia, but contains a very slight trace of 
magne.sia (II. Ko.sEf). 

h. Precipitate the sesquioxide of iron as basic acetate or formiate 
(§ 113, 1, (/). The method is good and can frequently be 
employed. 

c. Procijiitate the sesquioxide of iron with succinate ol ammonia 

(§113, l,c). 

d. Dccomjmse the nitrates by heat (42)- 

€. Precipitate the dilute .slightly acid solution with carbonate of 
baryta, and filter, afUir short digestion in the cold (50)- Gnly 
applicable in the separation of sesipiioxide of iron from lime 
and magnesia. 

h Protoxide of Mangane.se from the Alkaline Earth.s. 

Methods based upon the separation of .\fanijanese as Sesquioxide 
or Binoxide. 

«• CiRRs’s Metliod.| — Add to the jyerf ethi neutral solution of the 63 
^sea, which may be combined with hydrochloric acid or nitric acid,|| 

* Pogg. Annal. 110, 416. + 

II TT , t Annal. d. Clicin. u. Pharm. 86, 54. 

Hydrochloric acid deserves the preference if, besides the alkaline e.Trtlis, alkalies 
® Piosent j if not, nitric acid is prelerable. 
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or, in the case of magnesia, with snlplinrie afi(3,pnro binoxhlo of load* 
in tlio proportion of 5 grin, binoxide to 1 grin, subsliineo ; digest for 
an hou’i* at aiiout 85°, with freipient stirring, filter the fluid froni the 
precipitate, which contains the whole of the inanganese, ja-obably ;is 
sosquioxide, and wash with boiling water. If magnesia is jiresent, let 
the dig(;sted fluid cool, then add a few drops of nitric acid before pro- 
ceeding to filtration. Determine the alkaline earths (and alkalies) in 
the filtrate as directed in §§ 152 and 154. Ignite the |)recl[iilate, 
dissolve in strong nitric acid, and separate the manganese and lead as 
directed in § 1 G2. This method is a little complicated but ('xaet. Presence 
of free hydrochloric acid docs not interlere with the proea'ss, but free 
nitric and sulphuric must not bo present (comp. and II. IvOskJ). 

/3. Sciiikl’.s lMcthod(|. — Add to the hydrochloric acid solution car- 54 
bonate of .soda until the fluid is nearly neutralized, mix with acetate of 
soda, dilute suffudently, and then conduct t'hlorine (Jhh into the inixturo. 
The aciitiite of jirotoxide of manganese is decomposed, and the whole of 
the inanganese .soj)arates as binoxide. Tlie alkaline earths reiiiaia in 
solution. Expcriincnts made by Pivot, Bkudant and T)A(a;iN, and 
also in my laboratory, have shown that an acetic or nitric acid .solution 
answers b(4ter than one in hydrochloric acid. The solution is kept 
heated to between 5fP and G0'\ whilst the chlorine gas is transinltted 
tlirough it ; as soon as the binoxide has .se[)arated, the transniis.sioii of 
the gas is stopped. I have found that the ])rotoses(]uiosido of man- 
ganese obtained by tlic ignition of the binoxide so ])roduceil contained 
alkali. The binoxide must therefore be dissolved in hydrochloric 
acid, and the solution precipitated as <lirected § 101), 1, a. Instead of 
chlorine gas, solution ol‘ hypochlorous acid or of hyj) 0 (ddorito of soda 
may be used. In using tlu; latter, care must be; taken to kee[) the Iluid 
always .slightly acid Ity acetic, acid. The method is good. 

y. II. Itosi;^ recommends to mi5t the dilute solution with acetate of 65 
soda, heat and .saturate w'ith chlorine gas, then to th(! iluid, which 
b(!eomes red frotn the formation of jH'rmanganie .acid, to add excess ot 
ammonia (in jire.scaice of much magnesia, ahso ehloriile of niiunoiiiuTu), 
to boil, till all free ammonia is exqudled, and filter f»IV tlie ]>rcei])itatcd 
SG.sqnioxido ol manganese. The manganese may also be (:.omj)lctoly }'rc-^ 
<‘ipitated from a dilute cold fluid saturated with chlorine by means ol 
carbonate of baryta, 

0 . Devim.k’.s Method.** — The base.s must be jirosent as nitrates. 66 
Heat in a covered phatiniim di.sli to from 2()(f’ to 250^^, until the forma- 
tion of fumes has completely ceased, and the ma.ss has become black; 
and proceed in all other re.s[)octs as directed in 42- 
small quantity of organic matter, or the action of a too intense heal, 
may cause the reduction of traces of Idnoxide of manganese, and their 
Holution in nitrate of ammonia; thc.se traces will be found with the 
magrie.sia. 

* The binoxide of lead prepared from red lead is not adapted for inso in this y 

on account of the itnpuriiioM which it contains. Pure binoxide may be oe 
treating the hydrated oxide diffueed in water, with chlorine, washing the pr uc 
boiling water, digesting with nitric acid, and washing again. 

t Annal. d. Chein. u. Pharm. 80, 62. 4 Pogg. Annal. 110, 41y- 

II Silliiii, Journ. 15, 276. H Pogg. Annal. llO, tfOo. 

** Journ. f. prakt. Chem. 60, 11. 
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h. Methods based upon the Volumetric determination of Manganese^ 

according to Bunsen and Kuiegek.* 

a. Manganese from Magnesia. 

Precipitate with solution of soda (§ 100, 1, h). Wash the precipi- 07 
tote thorouglilj, ignite, and weigli. If the quantity of magnesia ])rc- 
sent is sullicient, the residue has the formula, 

Mn^ Ojj, Mg O + .r Mg (). 

Treat a weighed samj)le of it as directed in § 142 ; this will give 
the qnaiitity of the manganese (1 e(i. chlorine, or liberated iodine, 
corresponds to 1 cij. Mn^^ O^), and, by ditference, the quantity of the 
magnesia. 

(]. From Baryta and Strontia. 

Precipitate with c.arbonate of soda (§ 100, 1, a). The ignited pre- 
cipitate has the formula, 

Miq 0^, Ba O + .r Ba 0, C 0^. 

Treat a stirnple as in a ; this will give the quantity of the manganese. 

To find that of the carbomite of baryta, deduct the weight of the ses- 
Tiioxide of manganese from that of the weiglual preeip)itate, and add 
to the difibrence as mu('h carbonic acid as has l)een expelled by the 
sesquioxide of manganese, that is, for each eq. Miq 1 eq. C 0^. 

y. From Lime. 

Proceed as in /3 ; but afler ignition, moisten with carbonate of am- 
>'>ot>ia, dry, and ignite gently, and repeat the s;une operation until the 
''’eight remains constant. 

Hero, however, it is better to igniU* the precipitate over the blast 
gJis-hunp until the lime has become caustic. 

— This method of volumetric deUTinination of manganese pre- 
the presence of more than I eq. Mg O, Ca O, »?(:c., to 1 eq. 

‘'K 0^; for if the case is difTerent, the residue contains, besides IMiq 0.^, 

Miq 0^^ ]\|,^ () adapt the method also to cases of the latter de- 

K RIEGER recommends the following process : dissolve a sjuu])le 

0 the Weighed jmeeipitiite, add half the weight of oxitle of zinc, })reci' 
Pitatc with carbonate of soda, ignite the precij>itaU 5 some time in t he air, 

1 the product, and use it or an aliipiot part of it, lor the volu- 
^•'ctric determination. It contains the 'whole of the manganese as Miqt 

Photoxide of Coralt, Protoxide of Nickel, and Oxide ok 
^ iNc, FROM Baryta, Strontia, and Lime. 

Mix with carbonate of soda in excess, add cyanide of })otassium, heat 00 
gently, until the jirecipitated carbonates' of protoxide of cobalt, 

^1 nickel, and oxide of zinc arc redissolvcd ; then lilter the 
^ ine earthy cjirbonates from the solution of the cyanides in cyanide 
The former arc dissolved in dilute hydrochloric acid, 

1 according to § 154 ; the latter are separated according to 


Aniial. d. Chem. u, Pharm. 87, 268. 
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G. Protoxide of Cobalt and Protoxide of Nickel from Mag- 
nesia. 

Prccipit-iite witli ca mixture of solution of liypodiloritc of potassu and gg 
solution of caustic jiotassii. The precipitate consists oi pcn'uxidc o[ 
nickel, scsquioxide of col)alt, and hydrate ol niagm^sia; wash thoroughly, 
and digest, whilst still moist, at a temperature of from dO ’ to lO'h with 
an excess of solution of cldoridc ot mercury. In this process a (louldo 
sidt is formed of ]Mg Cl + 3 llg Cl, and the magnesia is dissolved, wlillst 
a corresponding (piantity of l)asic chloride ol mercury preeipitates 
(Ullgren^). Kvaporatc the solution and washings, wiUi additiyn of 
piu'O oxide of mercury, and determine tlie magnesia as direcled § Kll, 

3, b. Remove the mercury from the oxides ot nickel and cobalt by 
ignition, and separate the two metals as directed Itelow. 

7. Protoxide of Cobalt and Protoxide of Nickel from Baryta, 
StRONTIA, and JilME. 

Ignite the chlorides of the metals in hydrogen gas (88)- 70 


III. Sefaration of the Oxides of the Foitrtii Crouf from 
those of the Third, and from each other. 

§ IGO. 

/adrx.— The No«. refer to those in the margin. 

from oxide of zinc, 71, 7‘2, 70, 80, 82, 09. 

„ protoxide of inangHnose, 71, 72, 73, 75, 7e,_80, 02, !)4, M8. 

,, proloxidoH of nickel ;ind col, alt, 71, 72, 74, 70, 80, 00. 

,, protoxide ot iron, 71, 72, 78, 74. 

,, Besquioxidc of iron, 72, 78, 74, bf), 100, 108. , 

Scuquioxide of Chromium from oXide of zinc, protoxides of manganese, i - 
cobalt, and iron, 71, 72, 89. 
scsquioxide of iron, 72,85, 89. 

Analysis of chromic iron, HO, 90, 91. 

Oxide of Zinc from alumina, 71, 72, 79, 80, 82, 99^ 

,, Bes<iuioxidc ol chromium, 71, /2, 89. 

,, proioxifle of manganese, 82, 92, 94, 109. 

pnytoxidc of nickel, 8'2, 84, 87, 108, 104. 
protoxide of cobalt, 82, 84, 87, 98, 97, l^h * 

,, eesquioxide of iron, 71, 77, 79, 80,j82, 

Protoxide of manganese irom idmwuvA, 71, 72, 78, 75, 79, 80, 9‘ , ; 

scsfiuioxido of chromium, 71, 72, 8J. 
oxide of zinc, 82, 92, 94, 109. . nr oR 

protoxide of nickel, 83, 84, 88, 9-, ^ 
protoxide of cobalt, 88, 84, 88, 97, | » 
BeH(|uioxido of iron, 71, 75, 77, /9, » > 

Protoxide of nickel from alumina, 71, 72, 74, 79, 80, 99. 

8e.s<iuioxido of chromium, 71, 72, 8.1. 

oxide of 2inc, 82, ***> *^> '“iT'A 92 94, »5, 
protoxide of manganese, 88, 84, 88, 

• protoxide of cohalt, 98, 95, 97, j'^O. 96 10' 

, «o«quioxide of iron, 71, 7(1, 77, 79, 80, 81, »■>. 

Proto'xidt' of cohall Uom alumina, 71, 72, 74, 79, 80, 99_ 

seAiioxide of chromium, 71, < A yf' .^4 
oxide of zinc, 82, 84, 87, 98, 97, 10 » 1 ^q 2. 

protoxide of manganese, 83, 84, 88, y/, > 

protoxide of nickel, 98, 95, 97, 1_ • . g-j 96, 

lemiuioxide of iron, 71, 70, 77, 


Berzelius’ Jahresbor. 21, 140. 
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Pro«oaci(f« 0 / trow from alumina, 71, 72, 73, 74. 

sesqinoxide of chromium, 71, 72, 89. 

’’ aesquioxide of iron, 71, 78, 107, 110. 

of iron from ,2. 85. 89. 

” oxide of zinc, 71, 77, 79, 80, 82, 105, 107. 

protoxide of manganese, 71, 75, 77, /9, 80, 81, 

” protoxide of nickel, 71, 76, 77, 79, 80, 81, 83, 96, 107. 

” protoxide of cobalt, 71, 76, 77, 79, 80, 81, 83, 96. 

” protoxide of iron, 71, 78, 107, HO. 


A. General Methods. 

1. Method based vpon the Precipitation of some Oxides laj Car- 
bonate of Baryta. 

Sesquioxide of Ikon, Alumina, and Sesquioxide of Chromium, 

Fi:0M ALL OTHER BasES OF THE FOUUTII GroUI’. 

Mix the sufTieicntly dilute solution of the chlorides or nitrates, 71 
bill not sulihates, which must contain a little free acid,* in allask, 

^vitli a moderate cxces.s of carV)onate ot barytii dill used in water; 
cork, and allow to stand some time in the cold, with occasional 
slinking. Tlio sesiiuioxide of iron, alumina, and se.sqnioxide of chro- 
mium, are completely se[)arated,t whilst the other bases remain in 
solution, with tlie exception jierliaps of tracc.s of protoxide ot cobalt 
and protoxide of nickel, which will generally fall down with the preei- 
pilalcd oxides. This may be prevented, least as regards nickel, by 
addition of chloride of ammonium to the Huid to be precipitated 
. (SciiWAUZENBERO 1). Docaiit, stir up with cold water, allow to de])osit, 
decant again, lllter, and wash with cold water. The preciintatc con- 
laiiia, bcesides the precipitated oxides, carbonate of baryta; and the 
nitrate, besides the non-preeipitatod oxides, a salt ot baiyta. 

If protoxide of iron is present, 
and It is wished to sejiarate it by 
tills methoj^ from sesipiioxidc ol 
ii'on, &c., the air must be excluded 
during the whole of the operation. 

Ill that case, the solntiou of the 
substance, the precipitation, ami the 
ivashing by decantation, are elfccted 
di a tlask (A, tig. b2), through 
^vliich carbonic acid is transmitted 
(^). The washing water, boiled free 
lioni air, and cooled out of contact 
ol air (preferably in a current of 
oarbonic acid), is poured in through 
^ lunnel tube (c), and the Iluid 
duuvii off hy means of a movable 
syphon (5) I jitl tubes arc fitted 
’^'^’-bght into the cork ; they are # Fig. 82. 

^'oeared with tallow. 

, • If there ie much free »oid, the greater r»rt of it must Hrst be e-aturated with car- 
oDate of soda. . . . 

t The Beparation of the sesquioxide of chromium requires the most Ume. 

X Auual. d. Chem. u. Tharm. 97, 216. 
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2. Method based upon the Precipifafion of the O.eides of the Fourtk 
Group^ bt/ Sulphide of Sodium, or Sulphide of AiidiiohIiiu, 
from Alkaline Solution ejected with the aid of Tartaric Acul 

Alumina and Sesquioxide of Chromium from the Omdes or 
THE Fourth Group. 

Mix the solution Avith tartaric acid, tlien witli ])ure solution ors(i(l;i72 
or potassii until the Iluid has cleared again;* add sulphide of .sodium 
as long as a precipitate lorins, allow it to deposit until the siipernatmit 
fluid no longer exhil)lts a greenish or l)rownish tint; decant, .stir tlic 
precipitate up with wjiter containing sulidiide of sodium, decant again, 
transfer the ])rccipitate, Avhich contains all the metals of the Ibuitli 
group, to a filter, wash with water contiiining sul])hide of sodinni, and 
separate tlui metals Jis directcnl in B. Add to the liltratii nitrate of 
potiissii, and eva])orate to drynes.s; fuse the resiilue, and separate the 
alumina from the cliromic acid formed, as directed § lo7. Ifyonliavo 
merely to separate alumina from the oxides of the fourth grou]), it i,s 
better, after addition of tjirtaric acid, to supersiiturate with aininoiiia, 
a<ld chloride of ammonium, and jirecipitate in a flask Avith suljdiide of 
ammonium. Wlien the precipitate has settled it is filtered oil and 
wa.shcd Avith Avater containing sulphide of aiunionium. The filtrate is 
CA'aporated Avith addition of carbonate of soda ;md nitrate of potassa to 
dryness, fused, and the alumina determined in tlie residue. 

B. Special Methods. , 

1. MetJiods based upon the Siduhilitp of Ahiudna in Cundic 
Alkalies.] 

a. Alumina from Protoxide and Se-squiomde of Iron, anh Small 
(^UANTiTiE.s OF PROTOXIDE OF Manuanese (luit uot from the protoxides 
of nickel and cobalt). 

Heat the rather concontrated acid solution in a flask to boiling, 7«3 
reinov(! from the gas, and reduce tlui sescpiioxide of iron ]>resenl. h}^ sul- 
phite of soda. Beplace the fluid over the lamp, keep boiling sonu' time, 
and then neutralize Avitli (airbonate of soda, add .solution of t»urc sod.i 
or potasSi'i in cxce.s.s, ami boil for some time. 

If the analy.sed substance contains much iron, tlie preci]»ltate wil 
become lilack and granular, Avhich is a proof that tlu; inm has hooii 
converted into protose.squioxide. TIic temhuicy to Immping, preceding 
the actual ebullition of tlie fluid, may be guarded against by means of 
a 8{)iral coil of platinum Avirc jilaciid in the liipiid, or by constant agi 
tation of the latter : avIkmi ebullition lias once set in, tlume is no Inrt lU* 
need of these [irecautions. Itemovc the fluid uoav from the gas, al 
to dejiosit, pass tlio clear fluid through a filter, Avhich must not be oa( 
porous, boil the precipitate again Avith a frc.sh (piantity of 

soda, tlien Avash it, first by decantation, afterwards on the filtei mi j 

liot water. Acidify the alkaline filtrate with hydrochloric acii , x>i 
Avith some chlorate of potassji ^destroy any traces of organic 
<*oncentrate by evaporation, and precipitate the alumina as diicc. 

* Besquioxide of chromium and oxide of zinc cannot be obtained 
line solution (Chancel, Oompt. rend. 43, 927 ; Journ. f. prakt. Chem. 7 » 

f Instead of solution of potassa or soda, elliylamino may also be use 
separation of alumina from iron (Sonnensclioin, J ourn. f. prakt. Chem. » 
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J 105, a-* Tlie boiling of tlic precipitated oxides with the solution of 
soda is effected best in a soinewliat capacious silver or platinum dish. 

A solution of soda containing aliiinina and silica must be particularly 

avoided. 

Ifsesquioxide of chromium was present in the analysed substance, 
you will find the principal portion of it with the sesquioxide ut iron; 
but a small quantity has been oxidized to chromic acid, and is ac- 
cordingly found ill tlie Iluid tiltered from the alumina. 

h. The method described in a is ollen employed also in a modified 
form, omitting the reduction of the sesquioxide of iron; in which case 
tlic process is performed as follows; — Preeipit.atc with ammonia, de- 
cant, filt(ir, wash, transfer the precipitate still moist to a ])latinum dish, 
ivithout the aid of water, and remove the last jiarticles adhering to the 
filter by means of warm hydrochloric acid, which is allowed to drop 
into the platinum dish. The aqueous washings of tlie filter are kept 
separate. When the precipitate in the platinum dish has dissolved, 
add, very cautiously, coiu'entrated solution of caustic jiotassa, or ear- 
])oiiate of soda, until the free acid is almost neutralized, and apply heat, 
finally to boiling; aft('r this, remove the lamp, and add a lump of ])ure 
hydrate of potassa sufficiently large to redissolve the jirecipitated aln- 
iiiina, leaving the hydrated ses([uioxide of iron iindissolved. Kin.se 
the platinum disli now into tln^ beaker which contains tlie washings of 
the filter; wa.sh the sesipiioxide of iron, first by decantation, then upon 
the filter with boiling water, and treat the filtrate as in a. 

It the fluid in which it is intended to separate sesquioxide of iron 
and alumina, contains lime or magnesia, some alumina is likely to 
remain iindissolved. 

Alumina fuom Sksquioxide of Ihon and Pkotoxides of Iron, 
boiiALT, and Nickel. 

fuse the oxides with hydrate of potassa in a silver enieiblo, boil 74 
the mass with water, and filter the alkaline fluid, which contains the 
‘iluinina, from the oxides, which arc ireo from alumina, but contain 
poUissu (H. Hose). 

Methods based on the different behavior of the Oxides to Ani- 
monia in the presence of Chloride of Ammonium. 

Alumina and Sesquioxide of Ikon fuom Puotoxide of Manc.a- 

Kese. 

^ lie solution should bo sufficiently dilute, mixed with elilorido of’ 75 
‘ ‘'ti^niuin, and slightly acid. Heat to boiling, add ammonia in mode- 

excess, and allow to boil gently without interruptii>ii till all free 
^^'iinoiiia is expelled, then filter off the preei])it.ate which coiilains the 
I'esrpuoxicle of iron and the alumina from the fluid containing the man- 
h'liiose. If tjjQ quantity of the nuiiigancso is small, the precipitate will 
merely uuweighable traces of it. If, on the other hand, much is 
present, the precipitate after being partially washed is rcdissolved in 
) lechloric acid, and the above iirocipitatioii is repeated. Kesults 
KosEf). ’ 

‘^^'^Quioxide of Iron from Protoxides of Coralt and Nickel. 

^ iiuill quautities of sesquioxide of iron maybe almost completely 76 
P‘irated from these protoxides, by mixing the solution with chloride 

* *lourn. f. prakt. Chein. 45, 201. t Pogg- Annal. 110, 304 u. 307. 
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of ammonium, and then with excess of ammonia, partially washing tlie 
precipitate, rcdissolving in hydrochloric acid, repreci|)itatiiig with aim 
monia, and repeating the operation a third time. Niekc;! and co]»alt 
are to be precipitated from the filtrate by addition of suljdiide of aui- 
moniuin, and siibscf|uent neutralization with acetic acid. 

3. Mtthoih based upon the dijfererit deportment of neutralized 
Solutions at hoiihuj heat. 

a. Sesquioxide of Iron FRo>f Protoxides of Manoanese, Nickix 
AND Cohalt, Oxide of Zinc, and other strong Uases. 

Mix the dilute solution largely with chloride of ammonium (at least 77 
20 of NH Cl to 1 of oxide), add carbonate of ammonia in small quanti- 
ties, at last drop by drop and in very dilute solution, as long as the ine- 
cipitated iron redissolves, which takes place promptly at first, but more 
slowly towards the end. As soon as the lluid has lost its transparciiey, 
without showing, however, the least trace of a distinct precipitate in it, 
and fjiils to recover its clearness after standing some time; in the cold, 
but, on the contrary, becomes rather more turbid th.an otherwise, the 
reaction may be considennl comphited. When this jioint has heeii 
attained, heat slowly to boiling, and keep in ebullition for a sliort tinic 
after the carbonic acid has becai entirely eximlled. Tin' sescpuoxide ol 
iron se[)aratcs as a basic salt, which rapidly settles, if the solution was 
not too concentrated. Add now a drop of ammonia, to sec^ whether tlic 
iron has l>een completely thrown down, then a little more ammonia, to 
convert the l)asic s;ilt of iron, which has a tendency to dissolve upon 
cooling, into hydrated sesquio\'id(‘,and filter. 3^o insure accurate result, 
the fluid must not contain more than 3‘4 grm. sesipiioxide ol iron in the 
litre, and must be tolerably free from sulphuric acid, since it is dilliciilt 
in presence of the latter to hit the exact point of saturation. ( 1 li.RScmT, 
ScHWARZENHERG.I) Thc prccipiUito should be washed with water con- 
taining chloride of ammonium. 


h . Sesquioxide of Iron from the Protoxide. 

In compounds which dis.scdve with difliculty in hydrochloric acid, hut 7t 
are decomposed by moderately concentrated suljdiuric acid at a teiupiM 
ture below 32fi°,J SciieekerU separates sesquioxide froin protoxnk ^ 
iron, by dissolving in an atmo.sphere of carbonic acid, (which is tolic kep 
up during the entire experiment), diluting with pieces of ice free from an, 
adding carbonate of ammonia until the acid is nearly neutralizeu, t i‘ J| 
finely powdered magnesite (l)ut not magnesia alba), and boiling ^ 
to 15 minutes. Thc wliole of the sescpiioxide of iron is precipitii ^ 
by this process. The precipitate is washed as in 71> IViVeu 

after being mixed with some sulphate of ammonia, has been 
from air and allowed to cool out of contact of air. v. KohellH 
dissolving agent, a mixture of 1 vol. concentrated sulphuric acid, - ' 
water, and 1 vol. strong hydrochloric acid. The solution inay 
be eflected with ease, without any oxidation of the protoxide of 
heating with hydrochloric acid or a mixture of 4 parts concentia c * 
phuric acid and 1 part water in scaled tubes, at 210° (A. Mits( m 

* Annal. cle Chim. et de Phys. 40, 806. f Annal. d. reduce^^ 

t Upon boiling, protoxide of iron is oxidized, the sulphuric aci 
sulphurous acid, (v- Kobell, Annal. d. Chein. u. Pbarni. 00, 244;. 90,21 

11 Pogg. Annal. 86, 01, and 93, 448. H Annal. d. Chem. u. Ph 
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4. Method ha^ed on the behavior of the Acetates at a boiling heat. 
Srsqhioxide of Iron and Autmina from Protoxide of Manga- 

jjvsE, Oxide of Zinc, Protoxide of Cobalt, and (hut not so well) 
Protoxide of Nickel. 

rrccipiiiitc the sescjuioxidc of iron and alumina according to § 113, 79 
1 (1. The precipitate is free from manganese, cobalt, and zinc; but it 
contiins some nickel, iVom which it can only be freed by rediss(dving 
(jifltT slight washing), repreci])itating in the same manner, and re])eating 
tlic operation a third time. Th(i method is more suited to tlui s(!para- 
tion ofsesrpiioxide of iron, or of sesquioxide of iron and alumina, than 
of alumina alone. Results good. 

5. Method, based on, the dijj'ercnt behacior of the SucAUnates. 

Sesqcioxide of Iron (and Alumina) from Oxide of Zinc, and 

Protoxides of Manganese, Nickel, and Cobalt. 

The solution should contain no considerable quantity of sulpluiric 80 
aiid. It acid, as is usually the case, add ammonia till the color is 
reddish brown, then acetate of soda, or of ammonia (II. Rose) till the 
eoW is deep red, finally precipitate with neutral alkaline succinate at 
a gentle heat, and filter the succinate of sesqnioxide of iron from the 
solution which contains the rest of the metals. For the liirther treat- 
ment of the precipitate, see § 1 13, 1, c. With proper care the separa- 
tion is complete, and especially to be recommended when a relatively 
largo quantity of iron is present. The method may also l>e used in the 
presence of ahimina. 'fhe latter falls down completely with the iron. 

(E. Mitscherlich, Pagels"*). 

(). Method based on the dijferenf behavior of the Solutions to 
Oxide of fj'ad. 

f^KSQtimxiDE OF Iron from Protoxides of Manganese, Nickel, 

AND Co HALT. 

The oxides sliould 1)0 in nitric acid solution ; the greater portion of 81 
file free acid shoidd be removed by evaporation. Ad<l water, mix with 
f'-'^idc of lead in excess, boil ten minutes, and filter the basic salt of 
■^tquioxide of iron Irom the Iluid containing the manganese, nickel, 

^'id cohalt. Separate the oxide of lead from both precipitate and fil- 
iRito (§ 102), and proceed with the determinations (Fu. Fields). 

7. Methods based upon the dijferenf deportment of the several Sul- 
phides with Aeids.^ or of the Acetic Acid Solutions with 
Su I ph uveltcd Iliidrogen . 

Oxide of Zinc from Alumina and the Oxides of the 

(Juom>. 

solution of the acetates, whicli must be free from inorganic 82 
^ aiul must contain a sullicient excess of acetic acid, is precipitated 
‘ ^*‘h‘^i'D’etted hydrogen, which tbroTvs down the z.inc only (§ 108, b). 

‘ Jt Avithoiit mncli delay, as on long standing small quantities of snl- 
p ot nickel are apt to fall down. The oxides are usually most 
olUy obtained in acetic acid solution, by converting them into sul- 
LtfT’ snllicieiit (piantity of acetate of baryUi. Sulphu- 

C(l hydrogen is tlicn conducted, witliout application of heat, into 
^ofiltered fluid, to which, if necessary, some more acetic acid has 

Mreaber. v. Kopp u. Will. 1858, 617. t Chetn. News, 1860, No. 1, p. 4. 
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boon added. Should the precipitate, as will sonietimos luippon, loo]^ 
gray, this may be remedied, if the coloration proceeds I’roin coprc'c-ipi- 
tiition of sulphide of iron, by aj)plying a gentle heat, and onc(' inorp, 
conducting sulphuretted hydrogen into the fluid. Tlie pr(‘cl]iit:iro 
which consists of a mixture of sulphide of zinc and sulphate of baryti 
is washed with water containing sulphur(‘tt(!d hydrogen. It is thon 
heated with hydrochloric acid, the .solution filtered, and the zinc in tho 
filtrate determined as directed § 108, The other oxides nr(; de- 
termined in the fluid filtered from the svdphidc of zinc, after re- 
moval of the baryta by precipitation. Brunner* has ])ro])oscd a 
modification of this process, esjH'cially for the separation of zinc from 
nickel. 

h. Protoxides ok Cobalt and Nickel from Protoxide ok 1\I.vn- 

r.ANESE AND THE OxiDES OK TroN. 

The solution, which must be free from nitric acid, is, after noiitrali- 83 
zation of any free acid which may be j)resent by ammonia, j)rccij)itated 
with sidphide of ammonium, aiul highly dilute hydrochloric acid, or— - 
if mangaiK^se alone ]ia.s to be sej)arated — acetic acid tlu'n added, and 
.sulphuretted hydrogen gas conduct'd into tlie lluid to saturation, with 
fre(picnt stirring. This serves to dis.solvc the sulphide of inangancse 
and the sul[)hido of iron, whilst tho sulphi<le of cobalt and the sulpliidn 
of nickel, though the lafim* less completely, remain undissolvcd, Tim 
filtrate is re|)recipitated by addition of ammonia and suljdude of aniino- 
nium, and tlie above treatment is repeated. dTie results arc accurate. 

It is adv'isjdde, however, to test tlie weighed cobalt and nickel cum- 
poiinds, for manganese and iron. 

c . Protoxides ok Cobalt and Nickel from Protoxide of M.vn- 
UANESE and Oxide ok Zinc. 

a. Put the weiglied mixture of tlie oxides in a porcelain or platinum 84 
boat, insert this into a tulie, heat to dull redness, whilst conductiiij: 
sulphuretted hydrogen gas over it. TiCt the sulphides formed cool in 
the (uirnait of gas, and then digijst them for si'veral hours with cold 
dilute hydrochloric acid, which di.s.soIves only the sulphide ol maiiga- 
ne.se (and sulphide of zinc). The sulphiiles of luckel and cobalt are 
left liehind [mre (KbelmenI). 

ft. Precipitate with carbonate of soda, filter, wash, and ignite; mix 
1 jiart of the residue with Po of suljihur and (I'To of carbonate of soda, 
and heat tlie mixture in a small retort as strongly as possible lor hall 
an hour. Allow the niixturo to cool, and extract tho sulphide ol zinc 
(and sulphide of manganese) formed, with dilute hydrochloric acid (1 
j>art acid to 10 water), Brunneu.| 

8. Afeth<j(h la.^ed upon the (liferent (leportnient of the several 
Oxides with Jfijdroejen Gets at a red heat. 

a . Se.squioxide ok Iron from Alumina and Sesuuioxide of 
Chromium. 

a. Pivot’s Method. || — Precipitate with ammonia, heat, filter, 8 

* Dingler’s polyt. Joum. ICO, 369 ; Chiim. Contralbl. 1859, 26. 

+ Annal. d. Chein. u. Pharm. 72, 329. Kbohnen has given his uietuod simp J 
tho separation of cobalt and nickel from manirnncse. • i • niv for 

ij: Annal. d. Chein. u. Pharm. 80, 364. Brunner has given his method flimi y 
nickel and zinc. 

II Annal. de Chira. et de Phys. xxx. 188 ; Journ. f. prakt. Chem. 51; 
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and woi'^li. Triturate, and wcigli off a portion in a porcelain heat. Insert 
I'itter into a porcelain tube, supported in an horizontal position, 
throu'di which a stream (ff hydrogen (dried with sulphuric acid and 
icliloride of calcium) is passing. In the open end of the porcelain tube 
inserted a ])erforated cork, with a narrow open glass tube. When the 
lair is expelled from the api)aratus, heat the porcelain tube gradually to 
mlnes.s and maintain it at that temperature as long a.s water forms 
( i])out’ 1 hour). Allow the tube now to cool, still maintaining the 
current of hydrogen, then remove the boat, and weigh it. The loss 
otwci'dit indicates the quantity of oxygen which was combined with 
tlie iron to sesquioxido. 

If you wish to determine the oxides scjiaratelyq which ui.ay be 
(Iccniod more ])artlcularly necessary if the subsUince coiiUiius mtich 
alumina and little ses(piioxi<le of iron, treat the mixture of alumina, 
scstiuioxido of chromium, and metallic iron, with higlily dilute nitric 
acid (1 part of acid to Jib or 40 ])arts of waiter), or wdtli waiter to wliieh 
very little nitric acid is added from time to time. The iron is dis- 
sitlvi'd, the, alumina and si'squioxidi? of chromium remain undissolved. 

Tim l;itt(>r oxides are w'ciglicd ; tlu^ iron is ]»reci]>ilatcd by ammonia, 
afiiT (d)ullition of the fluid. The n'sults of IIivot’s e.x])crimental 
aiialvses were highly satislactorv. The method is more ]>arlieulaidy 
suitable in cases wdierc the (piantity of alumina i.s large, that of scs(|ui- 
o.vidc of iron small. 

j]. Dkvii.le transmits through the tube, aflcr the rediu'tion by 
liyilngcii has been effected as in a, first hyilrochloric gas, and tlion 
iigiiii hydrogen. This leaves the .alumina in a st.atc of jmrity ; the 
iron volatilizes as protoeldoride, and is either detc'rmined by the loss or 
i" the direet w.ay. If the latter mode is :ido])ted, the ])rotoeliloridc in 
the tubes and in the tulnibited receiver is dissolved by* healing dilute 
hydrochloric acid to boiling, and conducting the vajMu* into the ])oree' 
l‘‘hi tube; tbe ttdtulnre of the roedver is directed dowmwards in tbls 
<-'l’0i:ition. (Dkville has (‘inployed Ins method simply to effect tbe 
^'-piiration of scscpiioxide of iron from alumina ; but it is obvious that 
tt is equally adapted fir tbe sep.ar.atiou of sesipiioxidc of iron from ses- 
'i’hoxide of cbrijiuinm.) 

^ ^cpi'LEMENT ; Decomposition of Chromic Iron (Uivor*). 

Treat the finely clutrititeil mimTul as directed in n. An hour’s 86 
‘hTheation of u bright red heat is suflicient to effect the com])lete rc- 
^ 'atioii of the ])rot().\ide of iron. The mass is allow'od to cool in the 
•^tmmi of hydrogen gas, .and then digested 24 hours with dilute nitric 
dissolves the iron, lime, and magnesia, huiving the sesqui- 
^’^luc of clironiium, alumina, and silicic acid undissolved. 

I’uoToxiDEs OF Cobalt ani> Nickel fkom Oxide of Zinc (alter 
htUGi-KN-j-y 

the solution wvith carbonate of soda, in the nianner di- 87 
ec.e( ijj ^ Wash the jirocipitatc carefully with l)oiling water, 

’giute and weigh. Triturate finely, introduce a weigbed por- 
iiic' P^'vder into the bulb of a bulb-tube, and be.at the latter to 
i^^ipiout ro(hies.s, transmitting a slow current of hydrogiai gas through 
the .oiieration. As soon as the formation of waiter ceases, 

Jouru. f. pnakt. Chem. 51, 317. t Berzelius’ Jahresber. 21, 145. 

• C C 
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allow tlie muss to cool in the stream of hydropien. The mass contains 
tlio whole of tlie cobalt ami nickel in the metallic state, the wliok ,,! 
the zinc as oxide. Close one end of the tube by fusion, till up ^viili a 
concentrated solution of carbonate of ammonia, insert a cork into the 
other end, keeping: the tube for 24 hours at a gentle heat (say about lO ). 
The oxide of zinc dissolves completely ; the undissolved ])orlion, wliid, 
consists of the cobalt and nickel, is washed repeatedly with carbonate 
of ammonia, then dried and weighed. The (piantity ol’ the oxide df 
zinc is found by (‘autiously evaporating the amnion iacal solution, and 
igniting the residue. The cobalt is liable to retain .some alkali 
(§ 111 ). 


9. McfliOil ha.ifil upon fhe (llijercuf deportment of the Chlorides af 
the Mit(ds trilh Iljidrotien <it a I ted II nd. 

PnOTOXIDKS OK (’OIJALT AND NlCKKL FROM PuOTOXIDF OK MaN- 
OANKSK. 

The oxides are thrown down from the solution; if the latt(‘i’ is fiw 38 
from salts (of ammonia, this is elVect(!d by j>recipitatlng Avitli solution 
of soda ; but in presence of a considerable jiroportion of salts of am- 
monia, the best way is to |>recipitat(A with sulphide ol’ aminoiiimn. Avash 
the sulphides, dissolve in nitrohvdrochloric acid, and preeijiitato Avith 
solution of soda. 

The oxidc's, or a weighed j)orti(»n of tlunn, are introduced into :i 
bulb-tul»e, and exposed, in a current of dry livdrochloric gas. to a 
moderate red heat, until they are completely convertcMl into cliloiidcs, 
and eonserpientlv until the formation of watm’ has entirely ceiised, Avliieh 
t.akes a long time to accomplish. A strong heat is now a]»])lied to tlui 
bulb, and dry hydrogen gas transmittiul over the clilorides until a slight 
cloud only is ])ereeptil>Ie upon AjAproaching a glass rod moistened with 
ammoida to the mouth of the tube. 'iflK* protochlorides of nickel and 
cobalt an( redmaul to the metallic .stab; iu this pmxu'ss, Avhilst tlicpretD- 
eldoride of mangauese remains uualtereil. 4die mass is alloW(‘d to cool in 
the current of hvdrogen gas, ami tlw' bulb-tube is th(*n ]>laeed in a cyliiidor 
with water. 4’be greater j»art of tie! protoeldoride of manganese dis- 
solv(!S, a small ]K)rtion float iug about in the (hud in the ll)rm ol hrown 
flakes; the cobalt ami nickel speiulilv sul)side. Tin' fluid, Avith th^' 
suspended light flakes in it, is doe.anted from the reduced metals, ami 
the latter aia; wasljed on a weighed filter — fii-stwitlia little highly dihito 
hydro(‘hlori(^ acid, then with water— -driisl, ami weighed (comi'- ^ 

\\\,h). 4'he d(‘canted fluid, with tluA washings togctlier with . some 

hydrochloric acid, is concentrated hy (ivaporatioji, tuid the inaiigane.se 
precipitated with earboiiat(i of soda (§ 109). The re.sults are accuiale 
(II.Ko.sk). 


10. Method.^ hnml upon fhe different capacitjf of the fievcral ^ 
to be ronrerted fuf ().ridi:inif Agent a into higher Oxide^^ oi 
Chlorine into higher Chloride:*. 


d. SKSQllIOXtOK 
JAuunii (Jitour. 
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Fuse the oxides with nitrate of potns.sa timl carbonate <> 
(cornj). § 157), boil the ina.ss Avilh water, add a HufUcient 
(Spirit of wine, aful heat gently for several hours, Filterj im< ^ 
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nine in tlio filtrate tlio (•liroininm as directod § 1 30, and in the residue 
■lie bases of the fourth group. Tlie following i.s the theoryOf this 
process : the oxides of /ine, cobalt, nicikel, iron, and partly that of 
tnaiiirancse, scjiarate upon the fusion, whilst, on the other hand, manga- 
n:ite"( perhaps also some ferrate) and ehromabi of ])ot.'issa are funned. 

Upon boiling with water, part of the manganic acid of the mang;inate of 
potassa is converted into piermanganie acid at the expense of the oxygim 
of another part, which is reduced to the state of binoxide; tlie latter 
goparates, whilst the pota.s.sa salts are dissolved. The addition of alcoln il, 
with the application of a gentle heat, (dh'ets the decomj’iosition ol‘ tin.' 
maiFJinate and permanganate of pobisaa, binoxide of manganese being 
^geparated. Upon tiltering the mixture, we have the^efor(^ now the 
kvhole of the chromium in the filtrate as .alkaline chromate, and all the 
oxides of the fourth grouj) on the filter. Alumina, il‘ jire.^ent, will lx* 
found |)artly in the residue, partly as alkaline aluminate in the liltrate; 
jtrocced with the latter according to 53- 
If you have to deal with the native conijiound of sescpiioxide of 
clironiiuin with protoxide of iron (chromic iron) the above method 
dues not .answer. In this ease one of the 1‘ollowing sliould be a<lop)t...(l : 

a. Take Q'T) gnu. of tlui imp»alpal)h‘ |>owder, .and fuse in a eapacions 90 
jd'dimiin crucible with 0 grm. bisulpliate of pota.ssaj'or liftcen minutes, 
pit a teiujocratiire scareidy above tlui fusing point of tlio latter, tlieii 
raise the heat somewhat, so that tlie bottom ol’ tlua crncihle may jn.'^t 
appear red, and keep) it so for liibaai or twenty minutes. Tlu' iiising 
mass should not rise higber than b.alf wa}' nj* (he erneiblo. TTie mass 
Ingiiis to fuse (piietly, and aimmlant fumes of snlphnrie acid eseapK*. 

At the expiration of twenty minutes (lie lieat is increased as nuieb as 
itocessjiry to drive out the second (‘cpiivaleiit of sulphuric acid, and 
t’veii to cloeomjiose iiartially the sulphate ol* iron ami chroniinm. T\) tin' 
heed mass now add 3 grm. p>ure carbonate of soda, heat to fusion, and add 
la small piortions from time to time during an Imur 3 gnu. nitre, main- 
kliiiiig a gi'iitle red heat all (h(‘ wliile, then heat for l.'i minutes to 
ajyht redness. Treat the cold ma.'^s with boiling water, filter liot, 
aesiduG with liut water, then digest ill the beat with bydro- 
|‘micacid. If uiiything remains undis.sulvcd, it is a. jiortiim of tint 
rn^ '^rideconiposcd, and must be subjected again to the above operation. 

^ ^'cigh such a residue and d(‘duet it from the ore lirst taken is not 
pn * iiGver po.ssesse.s the conniositiou of the original suhstam'e. The 
soil! >***!• which often contains, bcsl<les the chromic ai.‘id, also 

M'hh titanic, and manganic acids ami alumina, i.s evapiorated 

mid nitrate of ammonia on a w.ater-bath nearly to dryness, 

ammonia is oxjiellcd. On addition of water, lUe silicic 


<j(,jd 1 IS exj)eueu. v/n .auou umi ui w.iu 

dissY^ titanic acid, and sosquioxidc of manganese 
^vhilo the ch romic acid passes into .solution, i 
^jnmned according to § 130. (T. S. Hunt. F. .\ 

^ pnrts of borax in a platinum crucible, ai 
‘^nicihU linoly pulverized on‘, stir coii.stai 

of ^ hour longer at a bright red heat ; add dry carbonate 

it causes circrvo'sccuoc, (lieu gradually, and with 
of with a platinum Aviro, 3 parts of a mixture of espial 

iiii ]>otassa and carbonate of soda, and keep the mass a 

t's longer in fusion. The sesepnoxidc of cliroinium is by 
* Zeitachrift f. aiialyt. Chem. 1, 498. 
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tlii.s prooes {5 completely converted into alkaline clironiatc, which is tliou 
extracted by boiling with water. The residue must completely dis- 
solve in hydrochloric acid (IIakt*). 

CALVKirrf recommends to ellect the decomposition of the ehromo- 
ores, by ip;niting the linely pulverized minerals with d- t parts ofsuda- 
lime and 1 part of nitrate of soda, for two hours. 

h. PiarroxiDE of Manoanksk fkom Alumina, Puotoxioe oi iNicKif, 
AND OxiDK OF ZiNC (but iiot from protoxide of cobalt and the oxides 
of iron), 

(iiims’s Method. J — Precipitate the manganese wiili binoxide of 92 
lead, and proceed c.xactly as lor the sep»aration of manganese Horn 
magnesia ( 63 ). 

e. PllOTOXIDK OF (’OUALT FFOM PHOTOXIDF, OF NTCKKL AND OxiDE 93 
OF Zinc (but not Ifom the oxides ol’ iron). From recent e.Xj'erinionls 
ol‘ H. PoseII it appH'ars tliat })rotoxide of cobalt may, like laotoxide of 
manganese, he completely precipitated with binoxide ol’ lead, altlioiidi 
(liiius xvas Idrmerly unsuccessful in this direction, lloil the solution uf 
the suljdiates (whether or no the chloriiles and nitrates may ho iisnl 
would beasubject l<)r further exjK'riiiunit) with binoxide of lead. Tlie 
s(dution, at lirst red, becomes green if nicked is present, ]^)llr ull'tlio 
liijuid, and wash the j)recijiitate lirst by rejs-ated boiling xvith water, 
then on the filter. Precipitate the traces of dissolved lead from the 111- 
tiate by sulphuretted hydrogen, and determine the nickel or zinc aocoid- 
iiig to § PLS or § 1 10. The undis.solve'd residue is boiled witli hydro- 
chloric acid with addition ol'some alcohol, the cldoride and siilpliateot 
lead are filtered off, the filtrate j>recipitated with suljihiirelted lodrog'ii, 
filteiT'd again, and the cobalt depnnnined according to § 1 1 1. Th‘- 
analysis adduced l)y II. Post: is tolerably aitisliictory. 

Pi-.oToxiDE OF Manoankse FROM .'Vi.uMiN’A, PKoToxinE OE Nnnttt, 
ANi) Oxide of Zinc (l»ut not from protoxide of cobalt and the oxides ol 
iion). 

After 8 chiel,5[ Pivot, Ib:ui>ANT and Daouin.’'^* — (’ ondiict chlonno 9^ 
gas into the solution mixed with acetate of soda (see 64 ) 

e. PROTOXIDE.S OF ColIALT ANI) MaNUANKSE FROM PROTnMKK OF 

.Nickel (II. PosEfl). 

Dilute the hydrochloric acid solution, in a capacious flask, with w:i1(i 95 
( 1 litre to 2grm. of oxides), coiiduet chlorine gas into the llask nntii fa 
fluid is witurated, and tlie vacant space in the llask eom])letcly filled Mil ‘ 
the gas; add carbonate of lime sliakcii uj> with water in excess, lot 
mixture stand in the cold from 12 to 18 hours, talking care . ‘‘f 
rcjx'utedly ; then filter the fluid, which contains the whole of the na w , 
fi om the precipitateil se.scpiioxides of cobalt and manganese. 

IIenI'.v lias sub.stituted Imomine for ebloriiie wilh success. I 
Smith recommends addition of a dilute solution of chloride of lime m la 

* Chem. OajR, IS.O.'), iC>S. + Ihid. LS52, 

t Annal. d. Cliom. u, Pl»arm. 60, 50. |] Pngg- Amial. huione fa”' 

^ Sillirii. Journ. If), 275. Snhiul HpeaUa oidy of tlio Hopanition m:')’ 

iron (?) and nickel ; but it ia obvious that its Hejjaration from alimuna an 
be effected by the aamo nieth<Ml. . 

Compt. rend. 1853, 835 ; Journ. f. prakt, Chem. 61, 

+t Pogg. Annul. 71, 6^15. 
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]i;is been completely decomposed by nddiiion of sidplnirie acid, so as to 
leave no undecomposed liy])ocldorite (otherwise nickel woidd be thrown 
down too). H. Kose* has recently stated that in the nickel separated 
by this method from cobalt, portions of tlic latter may still be detected 
|],y nitrite of potassa. 

11. Method haml npon the different deportment of the. Oxahites. 
PUOTOMDES OF ColiALT AND NiCKEL FHOM Sf.SQUIOXIDE OF lltON. 
rrecilhtate the solution conUiinin^ the three oxides at a Ixoiliip'^ lieat 96 

witli potassa, wash the i>reci])itiite and digest it witlia solution of oxalic 
acid for sevta-al day.s in a dark ])lace. TIic st'scjiiioxide oi' iron dis- 
solv(‘.s, wliile the oxalates of nickel and col>alt remain ;ihnost com- 
pletely beldiid. Kilter them off, wa.sh with a<picous oxalic acid, drv 
and ignite iji a stream of hydrogen ; the residue consists of metallic 
nickel and cobalt. Kesults tolerably exact (II. liosEf). 

12. Method hamJ upon the different deportment of the Nitrites. 

PnOTOXlDE OF COHAET FltOM PnOTOXJDE OF NlCKF.L, ALSO I'EOM 
Pi:oT()xiDE OF I\Ian(;anese and Oxide of Zinc. 

The separation ol cohalt as nitrite of sesipiioxide of colxalt and 97 
potas,sig which was recommended liivt by Fisohkie;}: afterwards by 
SiiiOMEVEl!|| has lately been repnssented by II. KosE^j as unquostionablv 
tin; l)est method for separating cobalt and nickel, and I may add tliat 1 
h;i\e mysell arrived at the same conclusion. Tin; best mode of ])ro- 
o’cijiiig is as follows: — The solution ol'the oxides (from which any iron 
must lirst 1)0 se])arated) is eva])oratod to a small hulk, and then, if 
miicli free acid is present, neutralized with j) 0 (asstL Qdieu adtl a con- 
O'litrated solution of nitrite of potassa (previously neutralized with 
•“■H'tic acid and filtered I'rom any llocks of silica and .alumina th:it may 
me separated) in sufficient (piantity .and tinally acetic acid, till any 
'ioulent precipittite that may have formed from exeess of ])otassa has 
J‘( issolved and the lluid is decidedly .acid. Allow it to stand at least 
m 4 liours in a warm })lace, taki' out a ])ortion of the supentatant 
pipette, mix it with more nitrite of j)otass,a and observe 
' precipitation takes j>lace in this after long standing, 

otho ' formed the wliole of the cohalt has fallen down, 

u.rwise the small portion must be returmnl to the priiici|)al solution, 
lest^ potassji added, .and .after long standing the smie 

. b thus alone, can the analyst he sure of the com- 

bite^' the cobalt. Finally lilter .and treat tlu' ])ret'ipi- 

of 11 1,4, if you desire to determine it alter the method 

"'.‘1811^^^^ V Oentu and Gnm.s, 11. Kose recommends 

prccipiUito xvith a saturated solution of chloride of 
dilorT'^^’ sulpdiato of pot;i.ss.i, then dis.solving it in liy dro- 
poL'is!^ ’ precijjitatiiig the protnxide of cohalt Ironi the solution with 
igniting in liydrogen, washing the metal and tin.ally 
uiyself, I believe that the method of Gentu and Ginus, 

’ ^’Shing the mixture [2 (Co O, S O,) + ff (Iv O, 8 OJ], obtained 


4 . m Annal. 110, 412. 

t Pnn. * * complet de Chiraio Analytique, 1802, pp. 188 et 221. 

W Annal. 72, 477. || Annal. d. Chem. u. Phorm. 96, 218. 

H Pogg. Anna!. 110, 412. 
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by tlic treatment of the waslied preeipitiite with sulpliuric acid, is at 
Iciist worthy of e(|u;il recoininemlatioii. 

13. Method based on the dijferent behavior of the Phosplidte.^. 

aManganese from Nickel and Coiialt. 

I\Iix the warm solution of the sulphates or chlorides with clilorldo of 93 
ammonium and ammonia, then with jdiosjdiorie acid (the amnidniii 
must remain still in larjj^e excess). The white jaandpitate is 2 Mn 0, 

N 11^ (), r ()j_ + 2 H 0 (which on igidtion liccomes 2 Mn (), P (),), tlie 
tdtrate contains the whole of the nickel. If cobalt is [)reseut tlu' |injci- 
j)itate must he dissolved in hydrochloric acid and repreci])itate(i viili 
ammonia, in order to free it from the small qiiantitv of colialt wliidi 
tirst falls down with it. The precipitate hecomes crystalline soon after 
lidlinu;, it is to he washed with solution of chloride of ainmonimu con- 
taiidng free ammonia (T. H. Heniiy*). 

The test-analyses are siitisl'actory. 

14 . Methods based npon the dijl'erent deporfinent icith Cijonhh: of 

J'otassinin. 

a . Alumina from Oxide of Zin’c, Protoxide of Cobalt, and 
]h:oToxiDi: of Nickel. 

Mix tlui solution with carVumate of so<la, add cyanide of jiotassiuni in 99 
sufliciimt (jiiantity, and digest in the cold, until the jinTipitated ciir- 
hoii.ates ol’ zinc, col)alt and nickel an‘ redissolved. Filter oil' tlu; nndis- 
s()Iv»'d alumina, wash, .and romovci the alkali vdiieli it conlaiiis, hy 
resolution in hydrochloric acid and reprecipitation hy ainuioiiin 
(Pkesenius and llAiDLExf ). 

b . Protoxide of Cobalt from Protoxide of Nickel. 

liii:Bi(i’.s Method. I — Mix tluipolntion of the two oxides, whicliimist lOO 
he tree from other o\id(!S, with hydrocyatdc acid, then with snhitinii ot 
polassa, and warm, until everything is di.ssolved. (Cyanide ol' polns- 
siiiin, f'rce from cyanate, may he used instea<l ol' hydrocyani(' acih and 
])Otas,sa). The solution looks reddish-yelloAV ; heat to boiling <<> 
]’emove the I'ree Jiydrocyardc acid. By this j)rocesH the double cyanide 
ol' cobalt and potassium (Iv Cy, Co (dy) in the solution is comnaTcd, 
with evolution of hydrogen, into cohalticyanide of potassium (Iv, COj 
Cv„)i| Avhil.st the dordile cyanide of nickel and potassium in the solu- 
tion remains unaltered. Add to the hot solution finely pulverized 
and (dutriat<;d oxide of menmry, and hoi!. By this operation the whole 
• )f the nickel is ])recipitated jiartly as scstpiioxide j)artly as ])roto- 
(tyanide, the mercuiy coinhining with the liherated cyanogen. (H 
fluid was neutral before the addition of the oxide of mercury, it sIiom'^ 
alkaline n;actiori after boiling with the latter.) 'fhe precipitate lookt’ 
greenisli at first, or, if tlie oxide of mercury has lieen added in oxcl^^, 
yelhnvi.sh-gray. Wa.sh and ignite. The residue is pure protoxide ol 
nickel. 

To determine tlie cobalt in tlie tiltra,te, super.satnrato witli acetic 
acid, boil, preei])it:ito the boiling solution with sulphate ol copt>eD 

* Phil. Mag. 10, No. 100, 107. + Annal. d. Chem. u. Pharm. 

t Ihid. C.'i, 244. 

II 2 (CoCy, KCy) + K (Jy + HOy = (K, Co, Cy^) + 
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|;C('j) in ebullition for Home time longer, tlicn filter tbe fini<l from the 
|,re('ipitiitcJ cobiilticymiide ofcopjier (Cu^ Co^ 7 11 f)); dccom- 
losc the latter by boiling with solution of potassa, and calculate' the 
(jiiaiitity of tlie cobalt from that of tbe oxide of copper obtained. Tbe 
fiillowing method, recommended by Woiileu* is more simple and cou- 
vptiient. Tbe filtrate is nearly neutralized with nitric acid (a slight 
alkaline reaction is of no consequence), and a solution of nitrate of 
siilioxide of mercury as neutral as possible added ; the white ))reci]>i- 
tati; of colialticyanide of mercury, which contains tbe whole of the 
colialt, may be readily washed, and gives, upon ignition with free 
access of air, ])ure ])rotosesquioxidc of cobalt ; (it is however safest to 
wcigli it as metal after reduction with hydrogen § 111), 

Instead of precipitating the nickel with oxide of mercury you may 
proceed as follows : after e.x])elliug the free hydrocyanic, acid l)y boil- 
iuij. let the solution cool, thou siipc'rsaturate with chlorine, and con- 
stniitly rcdissolve the precipitate of cyanide of nicla'l wdiich forms, by 
addition of solution of soda or poti»ss;i. Tlie chlorine does not act 
upon the cobalticyanide of })otassinm, but it dr'composes the donblo 
cvaiiide of nickel and potas.sinm, and tlirows down the whole of the 
nickel as black peroxide (LiEUlo’l'). 

c, Protoxide of Coisalt from Oxide of Zinc. 

Add to the solution of the two oxides, which mnst contain some 101 
tree hydrochloric acid, common cyanide of jmlassinm ([)re|»ared after 
hii:i!ic;'s nughod), in sutncient(piautity to redissolvi' the ]irccipitate of 
prulucyaiiide of cobalt and cyanide ot’zinc which Ibrms at tirst ; then 
<’idd a little more cyanide of ptotassinm, ami boil some time, ad<ling 
‘X'casioaally one or two drops of hydrochloric acid, but not in suHicieiit 
'l"'"idly tu make the solution acid. Mix the solutton with hydro- 
dilorie acid in an ohlicpudy plamcd lla.sk, ami boil until the eohaltl- 
yuiiildo of zinc which ]n‘ccipit,ates at first is redissolved, and the 
liydrocyauic acid completely expeUod. A<ld solution of soda 
])0ta.ssa in excess, and boil until the fluid is clear; tlm solution 
tiay iiuw he assumed to contain all the cobalt as cohalticyanidi* of 
l'‘^t;iiJsivini^ .(j[ (ii ,3 yj,,(. .,3 jx comiKiund of oxide of zinc and 
flkali. Precipitate tlie zinc liy sul])hur('tteil liydrogeii 

and dctermiiio the cobalt in the filtrate as in 10(). ^fhe 
I'loee.ss is simple and the separation complete (Fresenu'S and 
iUlDLEN). 

Protoxide of Cohalt from Protoxide of ^Iaxoanese. 

^bx the solution of tlic two oxides with hydrocyanic acid, tlu'ii 102 
"ith solution of potassji and soda, ami warm the mixture. If the 
'I’laiitity of hydrocyanic acid added was sufUclent, the })rccii>itated 
I'D)to(>y[iiiP](, of cohalt redissolvcs comj)letely, ’whilst the gre^itcr por- 
of the precipitated protocyanidc of manganese remains uiulis- 
Filter^ ami treat the filtrate exactly as in the separation of 
xilt from nickel. Ignite tlio two niangaimse prcci[)itute.s together. 

•cii the admixed oxide of mercury lias heen cxpidled, tliere remains 
P‘‘otoses(pii(xxiqe of manganese. This shows that cobalt may bo 
'^'P‘Uuted both from nickel and manganese at the siune time ; in 


Annal, d. Cheni. u. Pharni. 70, 256. 


+ Ibid. 67, 128. 
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wliicli case the dissolved portion of the manganese is obtained ^viiL tlic 
])rotoxide of nickel.* 

e. Pkotoxide of Nickel from Oxide of Zixc. 

jMix the concentrated solution of both oxides Avith an oxross oflQj 
concentrated pure solution of potassji, then witli solution of hydro- 
cyanic acid in sufficient quantity to rcdissolve the prccipitute 
coinplctely ; add solution of monosulphide oi' potassium, allow tlie 
])rccipitate<l sulphide of zinc to deposit at a gentle heat, filter, niid 
determine the nickel in the filtrate by heating for some time with 
fuming liydrochloric aedd and nitric acid, or, instead of the latter, 
chlorate of potassti, evaporating, and finally precipitating with potas^a 
(WoiiLEut). 

15. Methods based upon the Volatilitf/ of Zinc. 

a. Protoxides of Cobalt and Nickel from Oxide of Zinc. 

BerzelhjsJ recommends the folh)wing method for the al>soliite sepa- 104 
ration of cobalt and ni(‘kcl from zinc: — l’reci])italo with solution of 
potiissa in excess, boil, and filter the fluid, which contains the greater 
portion of the zinc dissolvc'd in the caustic polassa, from the precipi- 
tated hydrated protoxides of nickel and col.)alt, which also (‘ontaiii 
some of th(j zinc ; wash the precipitate thoron(f/ilii with boiling watir, 
and determine the zinc in the filtrate as directed § Dry the 

jirecipitate, ignite, and weigh; then mix in a porcelain crucible ssith 
]»ure sugar (recrystallized from alcohol), and heat sloAvly until the 
sugar is completely carbonized. Pla<*(‘ the crucible, with the lid eii, 
in a bath of magnesia in a larger-sized covered clay crucibh', .‘uid 
cxpiose for the .sjiace of 1 liour to the very highest degree of heat 
attainalde by a wind furnace. This process causes tlu' reduction ol 
the metals: the whole of the zinc ])resent rises in vapor, the! nickel 
and cobalt, mixed with charcoul, remain, 'freat the n'sidue with 
nitric acid, and d(!termine the oxides by jmecipitating with sidution of 
])Otassa, and weighing the j)recipitate. The diflereiice between this 
weight and that obtained ])efore, shows tlie (piantity of the eo[»recipi- 
tated oxide of zinc. This method gives very accurate results onl}' in 
the separation of nickel from zinc (Compare § 111,//). 


b. Zinc from Iron, in Alloys. 

liOBiERRE states tliat the.se alloys may lie readily and accurately 105 
analysed by igniting them in a stream of hydrogen gas (see 130)- 

IG. Methods based upon the Volnmctcic J)e(erndnation oj vnc nj 
the Ojddes, and the Jindm/j of the other from the diftreiicii. 

a . SEsquioxiDE of Iron from Alumina. 

Precipitate both oxidc.s with ammonia (§ 105, u, and § llo, l)106 
Dissolve the weighed residue, or an aliijuot pirt of it, by digestion 
with concentrated hydrochloric acid, or by fusion with bisulphate of 
j/oLassa and treatment with water containing sulphuric acid; nnj 
deterinine the iron volumctrically as directed § 113, 3, u, or b. uiti 
regard to the estimation of iron in liydrocliloric acid solutioir by 


• Comp, also Flajolot, Journ, f. prakt. Chem. 61, lip* .ii 
t Annal. d. Chem, u. Pharm. 89, 370. t His Jahrosboriclit, -i*, 
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iiianganatc T refer to p. 101. The alumina is found from the dilTercuco. 

This is an excellent method, and to be recommended more j)articularly 
in cases where the relative amount of iron is smallf If you have 
enough substance it is of course much more convenient to divide the 
solution, by weighing or measuring, into 2 C([ual portions, and deter- 
mine in the one the sescpiioxide of iron + alumina, in the other llm 
iron. Instead of estimating the iron l)y volumetric analysis, you may 
also prccijiitatc it, after addition of tartaric acid and ammonia, with 
sulphide of ammonium. 

h. SesqVioxide of Irox from Protoxide of Iron (Oxide of 
Zinc, Pkotoxide of Nickel). 

a. Determine in a portion of the su1)staucc the total amount of 107 
the iron as sesquioxide, or liy the volumetric way, T)issolve anotluT 
]iortion hy warming with sulphuric acid in a ilask through which 
cmhonic acid is conducted, to exclude the air; dilute the solution, 
mill fletcrminc the protoxide of iron volumetrically (§ 112, 2, a). The 
(liifereuce gives the (piantity of the sesquioxide. Or, dissolve tlie 
compound in like manner in hydrocddoric acid, and detei^iinc the. 
SL'sqnichloride of iron with protochlorid(‘ of tin according to § 113, 

-i, l>. In this case the difterenee gives tlie protoxide of iron. If it is 
desired to determine the j)rotoehloride of iron in the hydi'ocliloric 
imid solution with permanganate, the remarks on j). P.)l mn.st lie l)orne 
ill mind. These convenient and simple methods will in time ])robably 
replace the older and more complicated methods of determining ])i*ot- 
oxide ol iron in pncsence of sesrpiioxide. If the comj)ound in which 
f'esipil- and ju’otoxide oi’ iron are to be e.stimatcd is only with dillieulty 
decomposed liy achls, heat it with a mixtiin^ of -1 ]>arts snljdiuric acid 
imd 1 part water (or w'ith hydrocliloric acid) in a sealed tube at 2 UP 
(JlrrscHKULicii, comp. p. 30<S, f), or, if tliis is not enough, fuse it with 
I'orax (1 part mineral, 5 — G vitrified borax) in ;i small mftort, coii- 
i'ectcd with a ilask containing nitrogen (pioduc(‘d by combustion of 
ph^spliorus in air); an atmosphere of carbonic- acid is less suitable. 
Iriturate the fused mass, and dissolve in boiling bydro^doric acid,' 
an atmosplicre of carbonic acid (Hermann; v. Koreee). 

Iron may also be determined volumetrically in presence of oxide of 
^'iic, protoxide of nickel, ^te. it is, indeed, ofuni the better way, 
instead ol eftecting the a(‘tual separation of the oxides, to determine in 
nno ])ortion of tlie solution tlu^ sesquioxide of iron -I- oxide of zinc or 
+ pro|(,xule of nickel, in anotlu'r jiortion the iron alone, and to find the 
Tiantity ol the other metnl by the difterenee. Iknvever, this can be 
'Olio oidy ill cases where the quantity of iron is relatively small. 

/ • SiisquioxiDE OF Iron FROM Protoxidk OF Iron. Bux.sens method, 
chi ■ ^ 5 two-thirds wdth fuming hydro- 

acid, and replace the air above with carbonic acid, by throwing 
grains of carbonate of soda into the ilask. AVTugh a portion of 
sDr] JIB open short tube, and in another similar tube a 

^'^'cess of bichromate of pot:is.s;i ; drop the two tubes into the 
‘ attach the evolution tube, and procee<l for the rest as directed 
pr ’i^’ i^Burse yon will obftiin less free iodine than if no 

a no^T’ ^ dissolved with the chromate of ])otassa, as 

ion of the liberated chlorine goes to convert the protochloride of 
^ tuto sesquichlorido. The diftbrence between the iodine corre- 
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[5 ICl). 

.spending to the hiclironiate used and that actually obtained reproscoits 
the protoxide of iro^ present (I cq. iodine ^ 2 e(p protoxide of iron). 

If you wi.sh to ascertain the total 
quantity of iron conniined in tlie ana- 
lysed substance, dissoUn; another jior- 
tion of it in hydrochloric acid in the 
little Hash, and cd’ect the reduction of 
the sescpiioxide of iron to protoxide, 
by means of a l)all of cheniieally puiv 
zinc, cast on a tine ])latininn wire. To 
exclude all acc(’ss of air, eonneet the 
lla.sk, (luring tin* (doullition, with the 
a]H»aratus b // (lig. tSd). 

As soon as the eolorle.ss eoiulitidii of 
the Iluid shows that th(i rednetion is 
conq)leted, cool tlu- llask in cold water, 
lilt tiu! ujqier cork, throw a few grains 
ol’ caiTionate of soda into the aeid, 
draw tlie zinc ball U]) the tad)e /g wash 
oil' the Iluid adhering to the hall into 
(In* llask, ;nid lannove }> //. Add 
(juickly a weighed slight excess of hi- 
chroniate of j)otassi, :ind proceed iur 
the rest as just directed. 

c. pKOToMut: OK MaN(Jani:se KitoM Alumina and Si:sig:ioxii>K oi’ 
I,i:oN (KuiKoiau*). 

Pr«(dpitate with carbonate of sod.a, digest the piaripitate soiiui limo 108 
with th<} Iluid, wa.sh jnajperly, first by decantation, then on the lilter, 
dry, ignite, and deterniiue in a stiinph! tin; nianganese as in 67- 3ear 
in iiiiiid that the precipitate contiiins the mangaiu'se as IMn,, ( h- 

(1. IhtOTOXIDE OF MaNUANKSK FltOM OxiDL OF ZiNft (Kltl Koi:):). 

Pn;cipitat(i Inkling with carbonate of soda, wash tint prei-ipilati* with 109 
boiling water, dry, and ignite. If the analysetl substance coiitaincil .1 
sullieiont quantity of zinc, the jn'ecipitate consists of Zn O + r Mn., fV 
Weigh otf a portion and determine the manganese} as in 67- 
(juantity of zinc is insullicieiit, proceed as directed 07) ^-Jh 

17. fndirert Method. 

Se.squioxide ok Ikon from Protoxide. 

(If the many indirect methods pro[)o.sed, which are now’, however, 110 
but rarely re.sorted to since tlie introduction of the volunictru. 
methods, I will only give the following: — Dissolve in hydrochloiic 
acid ill a current of carbonic acid, add solution of sodio-tcachloride ‘->1 
gold in exce.s.s, close tlie flask, ami allow the reduced gold to deposit, 
filter the fluid from the gold, and determine the latter as directu 
§ 12o. Determine the total (piantlty of the iron in the filtrate, 01 
another portion of the substance. The calculation is sell-evident, 
eq. gold Re|)arated corre.sponds to 0 eq. jirotochloride or protoxide 0 
iron (G Fe Cl + An Cl^- 3 Fe.^ (Tj^ f Au). (II. IvosE.) 



Annul, d. Chem. u. Phann. 87, 2G1. 
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IV. Separation of Sfsquioxide of Iron, Alumina, I^rotomde of 
Manganese, Lime, Magnesia, Potassa, and Soda. 

§ 101 . 

As these oxides are found together in tlie analysis of most silicutes^ 
ami also in. many other ease.s, I <levote a distinct paragraph to tlio 
(k'scriptiori of the methods wliicli are employed to cllcct their s(;pa- 
rutioii. 

1. Method hashed upon the emph/pnent of Carbonate of Banpa 
(particularly aj)plical)Ie in cases where tlie mixture contains 
only a small proportion of lime), 

rrccipitatc tlie iron — Mdiicli must l)e present in tlie form of sos- HX 
(jiiioxide — and the alumina by carl)onatc ol' ])aryta,* and, alb.r re- 
luuriiig the baryta, .sej)arate tlu) two metals, l>y one of tlu! methods given 
iii§l(!0. l^rccipitate the manganese Irom the Ijitrate, either by yellow 
siili.liide of ammonium (59) or, after addition of a little hydrochloric 
iicid uiid stituration witli chlorine, by carbonate of l>aryta '(^) or, as 
Gii!i:s recommends, by binoxide of h'ad (63). If you l^a> used 
sul]»liide of ammonium, wliicli T gen(‘rally prefer, dissolve the ])recipi- 
|bti‘d sulphide of manganese in hydrochloric acid, mix the .solution 
with some sulithuric acid, tiller, ami determine tlio maugane.se as 
(liivctcd § 100, 1, a or 2. If yon liave used e.arlKtnate of leiryta as 
I'rii'ipltaiit, separate the maiigane.se a.s din'ettnl § LV.); if hinoxido 
ol load, proc(ied xvitli the jirecipitate as directed § 1(12. Ih’ecipitate 
ilio dilute solution uom' 'with snl|)huric acid, lilter, and Ava.di the 
I'loi ipitiitc until the "water running oil* is no longxT renden'd turbid liy 
chloride ul Itariuin ; remove — if you li.ave employed l)inoxi(h? of lead 
~‘tho last trace ol l(';id with .stdpliurett(*d liydrogen, tlum ])reci]dtate 
be lime alter addition ol* ammonia 'with oxalate of tuumouia. Filter, 
C'Ltpoi.ite the tiitiaito to dryiu'.s.s, ignite the residue, ami se]>;ir:ite the 
>'Gyiu;sia from the alkalies Ipv one of tlie methods given ill § Ibd. 

'' M'hero the proportion of the alumina is large, that of the 
Ron , 111(1 inaiigane.so small, the soimnvliat acid solution may lie satu- 
with chlorine, ami the se.s<piioxid(‘ of iron, alumina, and 
]|('l''’'’^i(l^ of manganese may then be jointly ]>rc<‘ipitatt'd bv car- 
j ii.it(, (jf baryta, the jirecijutato di.ssolved in liydrocldorii* acid, the 
from the .solution by tlie least exces.s of . sulphuric 
ihrcc ba,.se.s by carbonate of .soda, and rlie ])recipitato 
waslied, dried, ignited, and M'cighod ; it contains the man- 
IS latter is deterniinoil alter 108 R"d the .'^e.s- 

^ (P- I'^') volumetrieally, the 
(piantity of the alnmimi. It Avill be readily 
nif same .sample may be u.sed, first, for tlie determi- 

oiic^'l iGRiiganese, and then for that of the iron, d'here is only 

to this method, namely, tliat it is apt to give a trilling 
alk? ‘IS that .sub.stance, M’hen precipita((id by a fixed 

*dti i‘ver lie altogether freed from the latter by xvashing. 

''an. the joint jirecipitation of the alumina, iron, and man- 

^ may olfected by ammonia, after previous .saturation of 

^ijdding the carlionato of baryta, it is abifolntdif indispensable to ascertain 

80 tVf hydrochloric acid is completely precipitated by sulphuric 

’ at the filtrate leaves uo residue upon evaporation in a platinum dish. 
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the fluid with chlorine, or addition of hypochlorous acid. But, intlmt 
case, it is advisable to lot the precipitated iluid stand at rest some 
time in a closed flask, and then to liltcr with exclusion of air. ('are 
must also be taken to ascertain that the filtrate contains no niaiiLianose, 
which may be known by adding sulphide of ammonium, and allowing 
to stand some time. 

2. iMcthod based vpon the appUcation of Alkaline AceUiinur 
Fonniates. 


Remove from the solution, by evaporation, any very considcral^ln 112 
excess of acid whi(‘h may be j)resent, then dilute again with water, 
add carbonate of soda,* until the flui<l is nearly neutral (no [)erinaii('nt 
prccij)itate mu.st be formed), then aceUite or formiaU; ol soda, and jrn- 
ceed as in § 113, 1, d (j). IDo). Wash the preen pi fate well, dry, ignite, 
and weigh.' Di.ssolve in concentrat(*d hydrochloric acid, and (hgerininc 
the iron volumetrically by i^an.sof ])rotoehloride of tin, according 
to § 1 13, 3, b ()). IDfl), or digest it with Id times its weight of a mix- 
ture of 8 parts sulphuric acid and 3 jiarts water, or fuse it (dr a long 
time with b^ljdiate of ]K)tassa, dis.solve in wab^r, jind detennino tlio 
iron as in § 113, 3, a (p. Idd). Tlie dilference gives the quantity of 
the alumina. If any silicic acid remains behind on dissolving tin! 
precipitate, it i.s to he collected on a filter, ignited, weighed, and de- 
ducted from the alumina. 33ic filtrate contains the manganese, the 


jilkaline earths, and the alkalies. Br(!cij>itatc the manganese with 
suljdiido of ammonium (59) or chlorine (64* 65) — h tlu; former jae- 
ci])itant is em{)loyed, boil with liydrochloric acid and filter oil the 
sulphur — preci}>iUite tlie lim(‘, alber addition ol ammonia, with oxalate 
of artunonia, and lastly, after removing tin; ammonia salts l)y ignilioii, 
]>rccipitate the magnesia from the liydrochloric acid .solution ol the 
residue with phosjdiate of soda. However, if it is intended to csli- 
matc the alkalies, the magm.'sia must be separabal liy oiu! of the yio- 
ce,s.ses in § ld3, 1. This method is conveiuent, and gives good riisulls. 


3. Meilunl based vpon the appUeathm of Sulphide of Avumunm, 
iMix the fluid in a fla-sk with chloride of ammonium, theii with am- 113 
monia, until a precipitate; just liegins to form, then w'itli yellow 
sulphide of ammonium, fill the flask nearly u]) to the top with A\atti, 
cork it, allow to .settle in a warm jd.ace, filbrn, and wash the gie 
cipitatc — consi.sting of sulphides of iron and manganese and hydrate 
of alumina — without interruption with Avater containing sulidiu e o 
ammonium. Separate the lime, magnesia, and alkalies in the 
as in 112 - l)is.solve the jirecipitate in hydrochloric acid, and 
the alumina from the iron and manganese according to 72 * ’ 

and then the iron from the manganese, say by succinate of 


monia (80). . „ 

The following methods are particularly suitiiblo in cases av arc i 
manganese is jirescnt, or only inapprocial)le traces : 


4. Methods based upon the application of A nmonia. 

a. The solution mu.st contain all the iron in the abate of sesqui^i ^ 
Add a relatively large (piantity of chloride of ammonium, am 

* In cages where it is intended to catimate tho alkalies in the filtrate, carb 
acetate of ammonia must be used instead of the soda salts. 
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sPrviiF tlie precautions indicated in 75 — precipitate witli ammonia. 

Tlie precipitate contains tlie whole of the iron and almost tljc wliolo 
of the alumina (a very minute (quantity of the latter often remains in 
solution), also a trace of magnesia. Decant and filter; wash, ignite, and 
^vei'^h tlie {)recipitatc, and treat according to one of the inethods in 
111. If silieic acid remains undissolved, it is to be determined and 
i.le(]iicted. If there is a large excess of alumina or magnesia, nnx 
the hydrochloric acid or sulpliuric acid solution Avith pure p{jtass;i in 
excess, licat, filter, and in the j)rcei])itatc separate the ses<iuioxide of 
iron from any traces of magnesia that may be present according to 
52, a. The solution filtered from the alumina and se.stjnioxide of 
iron is mixed with hydrochloric acid and concentrated l.iy evaporation, 
the manganese is preeipatated and determined according to § 101), 2, 
as sulpliidc, the alkaline earths and alkalies in the filtrate are estimated 
according to 112 . Tlie weighed sulpddde of manganese is dige.stcd 
with hydrochloric acid, any residue that may remain fused with 
hisulpliate of poOissa, and the mixed solutions tested according to 73 > 
to see if they contain alumina. 

1). Precipitate the alumina, sos<puioxido of iron, and lime, % addi- 115 
tioii of aiumbnia and carbonate and oxalate ol’ ammonia altogrlhcr, 
decant, and filter. Dissolve the precipntiitc in hydrochloric acid, add 
tartaric acid, to prevent the procipitation of sesrpiioxitle of iron and 
alumina, and then ]>recij)itate tlie lime with ammoiiia as oxalate. 

Filler, and separate the iron from the alumina in the liltrate as in 72 i 
ami the magnesia and alkalies in tin; first filtrate as in 18 . should 
tlic first liltrate contain snljdiuric acid, remove this Iw chloride of 
I barium, then separate the alkaline earths from the alkalies by evaj) 0 - 
ration with oxalirt acid, ignition, and treatment ol' the re.sidno with 
boiling water, and (iiially' the baryta (‘rom the magnesia as in 19 
(3Iitschei!L1cu ; Lkwinstein*). As alumina in presence of oxalate 
oliuniuouia is only j)recipitated gradually on Avanning (Pisani), it is 
necessary to digest some time in the heat before the first liltration, 
innl us a paortion of the magnesia is always p^resent in the pireeipiitate, 
Pvould rocommmid, after .soj)arating tint iron from the alumina, to test 
fluid filtered from the latter, and also the alumina itself for mag- 
nesia. 

e'. Precipntiite Avith ammonia, digest for some time in the lieat, till 110 
excess of aniinonia is in a great measure removed, liltiT, Avash 
careftdly, dry, juul ignite ; adil, Avithout reducing the residue to 
powder, at least 10 times the (puantity of anhydrous ear))()nato of 
®oda, cover the crucible, and heat the mixture over the blast gas- 
mnp, or some otlier ap)p)rop)riatc .source of heat (the heat of a sphrit- 
''"'IMvith double draught is not sufliciently pioAverfiil), until deconi- 
b'P^tmn ot the carl)onate of soda is no longer ol)ser\ud)lo, for at least 
i niiimtes, lioil the fused mass, best in a silver dish, alter addition 
0 some caustic pmta.ssa, Avith Avater until thoroughly extracted ; add, 
ni.iiigauate of soda imp)arts a green tint to the solution, a Icav ilrop>s 
^ alcohol, andAvash tlie p)r{'cip)itute by dccaiitatiou aiul tiltration, first 
^| Myater containing pota.ss;i, then Avith pniro \AUiter. Dissolve the 
F^vipituto in liytProehloric acid, heat, Avith addition of a few dropus 
^l^ohol, to facilitate the retiuction of the ses<puichlori<le of manga- 


Joum. f. p>rakt. Cbcm. 68, 99. 
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nese, and separate finally, by means of acetate of ammonia, tlic sescini, 
oxide of iron from the portions of mangaiu^so, lime, and ina^nipsi^ 
contained in tlie ammonia prccipitiite, which may then be esliniatjf 
cither separately or jointly with the principal <piantities. The aluitiina 
is determined in the alkaline solution as in 73 (IJ. It ICHTEU*). 


5. Method based upon the Decomposition of the it rates (Di- vii.li's 

method). 

This method presupposes that the bases are combined with nitric 117 
acid only. 

Proceed first as in 42 - The escape of nitrous acid fumes, ohserved 
during the luxating of the nitrates, is no proof of the total decojiipo- 
sition of the nitrates of sesipiioxide ol* iron and alumina, as these 
vapors may owe tlu-ir formation to the conversion of the nitrate of 
])rotoxid(! of manga.nes(i into binoxi<Ie. Stop the aj)plicatioii of heat 
when no more vapors are evolv(;d, and the siibstancii has acapiired a 
uniform Idack color. Alter the tr(;atment with nitrate of aimnoiiia, 
the solution contains nitnites of lime, magnesia, and the alkalies, tlio 
residut! cont; ifts alumina, ses(piioxide ol“ iron, and l)ino\ide of man- 
ganes(*. (That some manganese is dissolved, under certain cireuiii- 
8t<inc(is, has been stated already in 66 5 this trace is Idund with llio 
magnesia, and linally separated from the latter.) 

Den'II.le n.'commends the Ibl lowing methoils to efl’ect the furtlier 
separation of the ba.ses: — 

a. Heat the residue with moderately .strong nitric acid, until the 
alumina and scsipdoxidc of iron are dis.solved, leaving tire residnarv 
binoxide of mangane.se of a pure black color. Ignite the rosiihie, and 
weigh the protose.s(piioxi<lo of manganesij tbrincd. hivaporatc the 
solution in a platinum crucible, ignite, tind weigli the mixture of se.s- 
rptioxide of iron an<l alumina, which may possildy also contain sonic 
ja’otosesipd oxide of manganese. Treat a jiortion of it by the iiicth(Hl 
described in 35 i fTis gives the alumina. If mangane.se was jirc.scnl, 
the iron cannot lie e.stimated by diUbrence. I iKVii.i.t: thendlire eva- 
porates tlie .solution of the protochlorides (85> /)?) 'vith sulphuric acid, 
ignites gently, and tn^ats the residue, which consists of sesipiio.xide ol 
iron and some sulj>hate of protoxide of mangane.se, with water to 
di.ssolve the latter. (Should tlui heat aj)plie<l have been too strong, 
which might pos.silily lead t<j the decomposition also of sulphate ol 
jirotoxide of manganc.se, the residue is moistened with a mixture ol 
oxalic a(dd and nitric acid, .some sulpliuric acid added, and thejirocess 
rejieated.) 

b. From the fdtratej precipitate first the lime Ivy oxalate of 
ammonia, then separate the magnesia from the alkalies as directed 
§ HTl, 4. 

This method i.s particularly suitable in the absence ofinangane.se. 

6. Method which combines 4 and 5. 

Prccijvitate with ammonia ( 41 )» decant, filter, wa.sh, remove the 118 
still half-moist jireidpitate, as iar as practicable, iroin the filter, di.ssolve 
the rest in nitric acid, transfer this to the di.sh, to elfcet also tlie solu- 
tion of the bulk of the jirecipitate ; proceed as in 1X7) 


Journ. f. pr.akt. Cliein. Ci, 378. 
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j]ui(1 separated from the soscpiioxldo of iron and alumina, and 
.tiircontaining small quantities of magnesia, to tlie juincipal filtrate. 

This inctliod is often employed witli tlie best success in my laboratory, 
in absence of manganese ; the determination ol‘ the alumina being 
effected by estimating the total amount of sesquioxide oC iron and 
ulumiiia, then the sesquioxide of iron volumetrically ( 112 ). 

Stipplfinenf. to the Fourth Group. 

To §§ 1.58, 150, ICO. 

bErAUATlON OF SeSQUIOXIDE OF UUANIUM FUOM THE OTHER OxiDES 
OF Groups I. — IV. 

It has already been stated, in § 114, that sesquioxide of uranium 119 
eaiiiiot 1)0 com})letely separ.ated from the filhttics by means of am- 
iiioiiia, as the precipitated ainmonio-sesipiioxide of uranium is likely 
to contain also fixed alkalitiS. This |)recipitato shouhl theref()re be 
dissolved ill hydrochloric acid, the solution evaporate<l in the platinum 
eniciblc, the residue gently ignited in a current of hydroymn gas (see 
tiL^ hi, P- 175), the chlorides of the alkali metals extracted witli 
witcr, and the protoxide of uranium iguite<l in hydrogen, in order to 

being weighed as such, or in the air, 'whereby it is converted into 
protoscaipiioxide. Instead ol* dissolving tlie predpitate in hydrochloric 
acid and treating tlie solution as dire«‘ted, you may heat tlie preci- 
pitate cantiously* with chloride of ammonium, and treat the residue 
iTitli water (11. Rose). 

I’ll. STOERAt recommends to .s(‘j)arate sesquioxide of uranium from tlie 
alkalies hy ])reci|)itating the latter in the l(»rm of silieoliuoriiles with 
adilition of aleohol. The sejiaration depends on the diet that the silieo- 
tliioride of uranium eorr<*spouding to th(‘ .sestjuioxido is soluble in 
i^]»irit, while the silicolluorides of ]»otassinm and sodium are insoluble 
ill tliat lluld. Treat the suhstama' with a(picous hyilrolluosilicic acid 
‘>1 d to 5 per eent. of 1 1 FI, Si FI.,, warm gentlv, to promote solution, 

^aid if after some time the yellow powder has not eompletely disap- 
pi-^ared, add more hydrotluosilicie acid. As soon as the decomposition 
tu-oinplete, allow to cool, adil .‘I to 1 volnmes of spirit of wine of 
'Ft to ’(SG sp. gr,, mix, and albuv to stand in a dark jilacc, or at least 
"tel place unoxposod to direct sunlight, till the preeijiitate has .sot- 
filter thro^igh a thiek filter, pnwiously moistened with s])irit, 

'■"id wash with spirit, till the Avashings are coni])lctely free i’rom 
‘icid reaction. If the opieration Avere comhieted under the influence 
"ksuiiliglig green jirotosilicollnoride of uranium Avould separate Avith 
"10 alkaline salt. The alkaline silieolluoride is determined volu- 

"tetrically („ee § 215, jf/> 

hi order to make cjiiitc sure that the Avliole of the silicofluoride is 
‘ijtuully siilijected to the volumetric estimation, it is advisable, after 
I'liising the vessel in Avliich the preeijiitatioii Avas effected, Avith spirit, 

Wash it, and also the feather that you may liavo used for removing 
tee pvecipit-ttc, Avith hot Avater, and to add these washings to tlio prin- 
solution. If l)oth alkalies are present, convert the silicolluorides 
'"fo sulphates, Aveigh, and then sepiarate (§ 152). 

* Strong ignition would occasion tlio volatilization of chloride of uranium, 
t Zeitschrift f. analyt. t^liom. 3, 71. 
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From baryta, sesquioxide of uranium may be separated by siilplim-iL' 
acid, from atrontia and lime, by sulpliiirig acid and alcoliol. Amindniu 
fails to effect complete separation of scscpiioxide ol‘ uranium Iroia tlio 
alkaline earths, the uranium precipitate always containing not iiiLon- 
siderable quantities of the earths. In such jmiclpitates, howcu er, tlie 
uranium and the alkaline earth may likewise be sej)arat{'d hy g(>utle 
ignition 'with chloride ofanmioniuin and treatment of the residue with 
water. 

Uranium maybe preci[)itjited from a solution containing 
and alkaline earths also by sulphi<le of ammonium. It must here lie 
borne in mind that the solution mu.st contain a sulficiency of chloiidG 
of ammonium and free ammonia, that the precipitate must iu)t be 
fdtered olf till alter long standing (21 — IS hours) in the closed jhisk, 
and that no alkaline carbonate may be ])rcsent. The sul])liid(i of :mi- 
inonium sliould be colorless, or slightly yellow, and a largx; ex(vss 
should be avoided. The color of the preci})iUit(! varies, being suiiir- 
times dirty yidlow, sometimes brown, reddisli-l)rown, or black, ac- 
cording to the proportions of chloride of ammonium, ammonia, and 
sul})hi(le of ammoidum, for it is not the sulphide corres])ondiiig to llic 
sescpiioxide, l)Ut consists of uranium, oxygen, ammonium, sidjdiur 
ami water (PATiiLw). Wash th(‘ [weeipitate with water containing sul- 
phide of ammonium, dry, roast it I'or some tinug ignite strongly in an 
atmosphere of hydrogen, allows to cool in a rapid stream of the sumo 
gas, and weigh the residual ]>rotoxide of uraniimi (II. llosi;). If tin! 
quantity of the alkalies or alkaline earths that are to l)e separated from 
tlie uranium is large, in (U'der to elfect complete S(‘j)aration, redissolvo 
the washed precipitate in hydrochloric acid and rej)eat the precipi- 
tiition with sulphide of ammonium. 

Maijnesia may also be separated from se.sipiioxide of uraidmn ly 121 
ammonia. Add enough chloride of ammonium to the solution, luat 
to boiling, suj)ersaturato with ammonia, continue boiling, till theodui' 
of ammonia is but sliglit, filt(;r th(‘ hot Iluid, and wash the ]irecipi- 
tate, which is I’ree jfom magnesia, with hot water containing ainmuina 
(II. Uo.sk). 

Alumina is b(!st separated from ses<piioxide of uranium by mixing 
the somewhat acid tliiid with carbonate of ammonia in excc.ss. dlic 
sesquioxide of uranium pa.H.ses completely into solution, while the 
alumina remains aUsolutely undi.s.solved. Filter, evaporat <4 add hy- 
drochloric acid to re.soluiion of the precijiitate produced, heat till all 
the carbonic acid is expelled, and precipitate with ammonia (§ 1 1 0- 

The separation of uranium from the metals of the yroupnex) \IL 
be ba.sed simply on the liict that carhonatc of ammonia prev(‘iits the 
precipiUition of uranium but not that of the other metals by sidi'hide 
of ammonium. Mix the solution with a mixture of carlmnatc el 
ammonia and suljdiide of aimnojiium, allow to subside in a closed lias ' 
and wash the precipitate with water containing carbonate ol aimia’”''* 

I . 1 . 1 ;.i i* (j ^ .4... 4.1... islv Wltli 


Sesquioxide of iron may be also s(q)arated from sesipdoxidc o| 
uranium by means of an excess of carbonate of ammonia. 'Xhe .siiia 


hydrochloric acid, heat with addition of nitric aci^ , to convert 

ufiufinifivlflt* fif iirniiliim :irid Drrflnltjiti' with ammonia )' 


Zeitachrift f. analyt. Chem. 1, 412. 
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iiantity of iron which passes- with the uranium into solution, is pre- 
pifeited with sulphide of ammonium, before the luaniiim is thrown 
own (PiSANl*). 

From protoxides of nickel^ cobalt^ and manganese^ oxide of zinc 
nd magnesia, the sesqui oxide of uranium may also be separated by 
iirbonate of baryta. The fluid, which should contain a little free 
cid, is mixed with the precipitant in excess, and allowed to stand in 
lie cold for 24 hours with frequent shaking (71). 

FIFTH GROUP. 

)XIDE OF SILVKR — SUBOXIDE OF MERCURY — OXIDE OF MERCURY — OXIDE 

OF LEAD — TEROXIDE OF BISMUTH OXIDE OF COPPER OXIDE OF 

CAD.MIUM. 

L Separation of the Oxides of the Fifth Group from those of 
THE FIRST Four Groups. 

§ 102 . 

Index : — The Nos. refer to those in the margin. 

Oxide of silver from the oxides of Groups I. — IV., 12:1, 124. 

Oxide and suboxide of me rear y from the oxides of Groups I. — IV., 123, 125. 
Oxide of lead from the oxides of Groups I. — IV., 123, 126. 

,, protoxide of manganese, 136. 

Teroxiele of bismuth from the oxides of Groups I. — IV, 123, 134. 

„ protoxide of manganese, 136. 

Oxide of copper from the oxides of Groups 1. — IV., 123, 127, 123. 

,, oxide of zinc, 130. 

,, ]»r<)toxide of manganese, 136. 

,, 8eH(iui<»xide of iron, 132. 

,, protoxide of nickel, 133. 

Oxide of cadmium from the oxides of Groups I. — IV,, 123, 

,, oxide of zinc, 13.5. 

,, protoxide of manganese, 136. 

A. General Method. 

All the Oxides of the Fifth Group from those of the first 
Four Groups. 

Principle : Sii^hiretfed Ilgdrogen precipitates from Acid So/aticais 
he Metals of thn'ifth Group, but not those (f the first Four Grou2)s. 

Tlie following points require especial attention in the execution of 123 

To effect the sepjiration of the oxides of the fiftli group from 
' of the first three groups, hy means of snlphnrettcd hydrogen, it 
Recessary simply’ that the reaction of the solution should be acid, 

'e nature of the acid to which the reaction is due being of no couse- 
d^ence. But, to effect tlic sejAaratiou of the oxides of the lillh group 
l <^f the fourth, the jwesence of a free mineral acid is indis- 
^ nscule- otherwise, zinc and, under certain circumstances, also cobalt 
‘yuckel may be coprccipitated. 

ill) - addition of hydrochloric acid to the fluid will not 

entirely prevent the coprecipitation of the zinc. Kivot and 
declare a complete separation of copper from zinc by mciins 

Compt. rend. 52, 106. t Annal. d. Chem, u. Pharm. 80, 364. 
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orsiillilniretted hydrogen, altogether iiiipraeticablo. Calveut*- statos 
that he lias arrived at the same conclusion. On the other liaml, 
SiMUGATisf concurs Avith II. IvOSK in maintaining that conij)letc s('|ia- 
ration ol' co])per from zinc may ho effected hy means of suIpliurcUcd 
hydrogen, in jiresence ot a aiillicient quantity oi Iree acid. 

In this contiict of opinions, I thought it necessary to snhjeet thi^ 
method once more to a searching invc'stigation. T tliereronMii- 
striictcd one of the students in my lahoratory, INIr. (iimNUMWN. to 
make a series of experiments in the matter, Avitliii vioAV to settliii- the 
(piestioii.;j; 

The results obtained proved incontestably that co])per maybe (•(.in- 
j)lotely separated iVom zinc by sulphuretted hydrogen, if the tdllowiiig 
instructions arc strietly eom]»Iied with : ■ 

Add to the copper and zinc solution a copious amount of liydro- 
chloric acid (c.//., to 0-2 gnu. of oxide of cojiper in 25 e. e. of solution, 

10 c. c. of hydrochloric acid of IT sp. gr.), conduct into the Jliild 
sidphurett(.‘d hydrogen largcdy in excess, liltiT befoi'e the (‘XC(.‘i','i ol 
snlphun'tted hy<lrogen has had tinn! to escape or become decuiiigoscd, 
Avash with sulphurettiMl hydrogen Avater, dry, roast, redissolve in 
nitrohydrochloric acid, evaporate nearly to dryness, add water and 
hydroehlorie acid as above, and ])reeii.itate again^ Avitli snlidiuroUiid 
hvdrogen. This second precij)itate is free from zinc; it is treated as 
directed in § 110, *> (l>- 22<S). 

If ca<lminm is present, a ])ortion of this metal is likely toreiiiaiii iii 
solution, in pn^sence of the large amount of hydroehlorie acid adih d. 

It is therefore necessary, in that case, after conducting the sulplin- 
rettiMl hydrogen gas into the thud, to adil saturated siilpliiu'clfo 
hydrogen Avater until no more sulphide of cadnduin laecipitiites, aiu. 
then to [.roceed as for the s(‘paration of eo])per. ddu; separatioiM'l 
cadmium from zinc requires aeeordiiigly also a douhh; precipilalu'ii 
Avith sulphuretted hydrognm, ifthe (piantify ol zinc is in an} ua} ion 
siderahle. 1 lowever, with proper attimtion to the instnietions hero 
given, tlie method gives jiorfeetly siitislaetory results. 

y. The other metals of the fifth grou]) comport themselves m th'-j 
respect .similarly to cadmium, /.c., they are not completely |»recil>itato 
by Bidiihuretted hydrogeii in prc.seiiee of too much fre(‘ tieid in a con- 
centrated solution. Lead n'<[uire.s the hnast anioiiiit ot^ree acu 
he retained in solution; then folloAV in onhu* of sm^ssioii, o-n- 
mium, mercury, hismntli, copjier, silver (M. AlAitTiN||). 
ration of those metals from zinc mu.st, therefore, it necessai}, 
etfeeled hy the same [)ruees3 as that of cadmium from zinc (/I, theua )• 
c. If liydroeldorie acid ]u-oduees no preedpitato in tlie si)lntioii, n 
preferred as a(ddilying agent ; in the contrary 
nitric acid must he used. In the lattnr ea.se the fluid must . 

hir<mly diluted. Li.lOT and Stoiikr 1[ arrived at the same '‘'’"‘j ' 
as ourselves, and sliowed that the eau.se of Calvert’s ‘ p,,. 

suits Avas the too large dilution of his solutions. For to })rev( n 
j.reeiiiitation of zinc you liavo not merely to preserve a 
portion betAveen tlie zinc and tlie free aei<l, but also a certain < 

* Journ. f. prakt. Chem. 71, lt>5. a?/ ’ 

: Ibid. 73, 241. 11 A rican Acaclcn' 

H On the Impurities of Commercial Zinc, &c. — Memoirs of the 
. of Arts and ycienceH. New yeriea. Vol. viii. 
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dilution. Altlioiigli I agree with the alcove-named chomists in tlie 
oinnion tluit it is possible to produce a condition of tlie fluid, under 
vliich one precipitation will eircct complete set)aration, still it a])pears 
ito me better, for practical jmrposes, to precipitate twice, as this is 
Lure to lead to the desired result. 

(, A somewhat copious experience in the separation of cojiper from 
(lickel (and cobalt) which so frequently occurs, has led me to the 
npiiiion that a double precipitation is unnecessary. If the .solution 
;vlii('h is to be treated with sulj)huretted hydrogen contains enough 
free liydrochloric acid and not too mucli wat(T, the coj^per falls down 
ulisohitel}' free from nickel, Avhile, on the other hand, if tlie quantity 
of lit'C acid is not too large, the tiltrate will be quite free from copycer. 

B. Special Methods. 

Single Oxjdes of the Fifth Gkoup fkom Single or Mixed 

;)XII'i;S OF THE FIRST FoUR GROUPS. 


1. SiLW.R is most simply and completely separat(Ml from the oxides 124 
OF THE FIRST FOUR GROUPS by means of hydrochloric acid. The liydro- 
tlilorir acid must not be used too largely in excess, and the fluid must 
be siilHcicntly dilute ; otherwise a jeortion of the silver Avill remain 
iiiFolvition. Care must be taken also not to omit the addition of 
nitric acid, 'which promotes the scjiaration of the chloride of silver. 

'file latter should, under thos(; circum.stances, lie collected and washed 
oil a filter (p. 203, /3), as washing by decantation would g-ive too large 
a bulk of iiuid. 

’2. The separation of mercury from the metals of the first four 125 
otoi i’s may be elfected also by ignition, which will cause the volati- 
dziition of the mercury or tlie mercurial conqioimd, leaving the non- 
jtdalilc bodies heliind. ddie metliod is a])])lieahle in many cases to 
filloys, in otiiers to oxides, eldorides, or sulphides. If the merenry is 
otiinatod only from the lo.ss, the operation is eomlueled in Ji crucible; 
olhoi’wise in a bullr-tnbe, or a wide glass tube with porcelain boat. 

flic precipitation of mercury as sulnddoride with phosphorous acid, 
^'-'^wlingto § 118, 2 (p. 221), is also well adapted tor its sejiaratiou 
from iiiotals of Group IV. If the mercury is already present as .sub- 
it may bo separated and determined in a simple maimer, l)y 
procipitatioii witl% hydrochloric acid (§ 117, 1). 

d From those hasf.s which form .solurle salt.s with sul- 126 
I’Hiiiio ACID, OXIDE OF LEAD may 1)0 I'cadily separated by that acid, 
fro results arc ver'y satisfactor'v, if the rules given in S 11(5, 3, are 
adhered to. 

have lead in presence of baryta, both in form of snljdiatcs, 
the precipitate wit] i a solution of ordinary scsqnicarbonate of 
'‘'‘iiRonia, without application of lieat. 33iis (lecom|)oses the lead 
leaving the baryta salt unaltered. AVash, first with .solution of 
I^ JOTiate ot ammonia, then Avitli tvater, and separate finally the oar- 
of lead from the sulphate of baryta, by acetic acid or dilute 
J ’’iR add (M. b’osE*). The same object may also be attained by 
'■^tiding the washed insoluble s;dts in Avater and digesting Avitli a 
^^^^^^fitratcd solution of hyposulphite of soda at 15 — 20° (not 
G6r). qypg sulphate of baryta remains undissolvcd, the sulphate 

* Journ, f, prakt. Chem. 66, 166. 
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of lead dissolves. Determine the lead in the filtrate (after § 116, 2) 
as sulphide of lead (J. Lowe* ). The method recommended l)y Kivot, 
Beudant, and DAGUiN,t for separating the lead by mixing the solu- 
tion with acetate of soda, heating and passing chlorine, recpiires, ac- 
cording to H. KosE,t to be executed with great caution, since portions 
of other oxides, even such as are not converted by chlorine into liigher 
oxides— for instance, oxide of zinc — are very liable to be precipitated 
with the biuoxide of lead. 

4. Oxide of Copper from all Oxides of the first Four 
Groups. 

a. Acidify the solution with sulphuric acid, and precipitate the 127 
copper according to § III), 1 , e, with iHt/mulpliite o/’ N(a/r/,|| as siil)sul- 
phide, and determine it as such according to § 1 I D, b. The liltratc 
contains the other bases. Evaporate, with addition of nitric acid, 
filter and determine the other oxid(;s in the filtrate.lf Kesults good, 

It has be(;n stated in § HD, 1, c, that the solution ought to be free 
from hydrochloric and lutric acids; however, this is not absolutely 
necessary; only, in pri'seiicc ol hydrochloric or nitric^ acid, a iiiiicli 
larger i)rop()rtion of the i)recipitnnt is iHaiuired— -in presence of the 
former, because the snbchloride of copper I’ornied is de(‘onii)osc(l only 
by a large excess of hypo)snl[>hite of soda; in presence ol the laltci, 
because the precipitjmt begins to act upon the copper salt only after 

the decomposition of the nitric acid. e ikmoc 

h. Precipitate the copper as acconbiig to llJ, 

3,6; the other meUils remain in solution (Pivot). If alkalies ueie 
present and it were desired to detx'rmine them in the filtrate, siilplio- 
cyanidc of ammonium must be u.scd instead of the i)otassium salt 
usually employed. This method is particnihirly well adapted foi lie 
separation of copper from zinc. The zinc can be ])recipitatcd at once 
from the filtrate by carbonate of soda. The method is also suital)lc 
for separating copp(^r from iron (11. Kosk**); in this case ‘I ^ 
cessary that the Hes<[uioxide ol iron be coinj)letely riMlucci >} t^c 
8ul])hurous acid added; the sejiaration may be efiected, even il 
solution becomes blood-red on the addition of the precipitant. 

c. The method of preci[)itating the copt^er by addition ol a solution i 
of iodine in mpieous snl})hurous acid, after removal ol the gieatu' 
portion of the free acid pre.sent and addition of sulidnirou.s acu, 
which has been so often naiommended, and wasi)r()i)Osed by PLA.ioLo'bTT 
has been declared by II. KoskJJ; to give inaccurate results, 
not inconsiderable amount of copj»er remains in solution. A 
events, we can get on without tliis method. 


• Joum. f. prakt. Chem. 77, 75. t IkW- 

+ Pogg. Armal. 110, 417.^ _ (.[vrbonat® 

II The commercial salt is often not Hufiiciently pure ; in which case so 
of Boda muHt be added to its solution, and tho mixture filtered. , pogulpbl^ 

H As far back as 1842, C. Himly made the first proposal to Phnn^; 

soda for the precii)itation of many metals as sulphides l>y 

43, 100). The question, after long neglect, was alterwards taken^ p 
(Annal. d. Chem. u. Pharm. 9«, 237), and 1803 , 

however, made the first quantitative experiments (Anmil. Ocb Mines, 

f. prakt. Chem. 61, 100). The results obtained by him are (541. 

** Pogg. Annal. 110, 424. ft Annal. des Mines, loo 

Fogg* Annal. 110, 420. 
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r Oxide of Copper from Oxide of Zinc. 

^ RcbiekRE* employed the following method with satisfactory 130 
"'it in the .analysis of many alloys of zinc and copper:— The alloy 
T; nto a small porcelain boat lying in a porcelain tube, and heated 
llssfor three-quarters of an hour at the most, a rapid stream 
Tl rdrogen gas being conducted over it during the process. The 
/ ^volatilizes, the copper remains l)ehin(l. Lead also (it that metal 
u Iresent) is not volatilized in this process. . <• l 

‘ r iivoT -md Bouquet’s method of precipitating the copper Irom 131 
Jnioniacal solution by solid hydrate of potass^i gives imsatislaetory 
Results, as oxide of zinc always precipitates along with the oxide of 
copper. 

G, Oxide of Copper from Sesquioxioe of Iron. 

One of the oldest methods for separating these oxides consists m 132 
mciiiitatiiig the solution with ammonia and filtering off the oxide of 
iLiloiiitlie aininoiiiacid solution of oxide oi copper, lo obuiii 
«i.r,ito results, however, the precipitation 

to tk quantity of copper, two or three times— m fact, till «ie filtrate 
no longer, or scarcely, appears blue, otherwise the scsipiioxidc ol iron 
will contain copper. 

7 Oxide of Copper from Protoxide of Nickel. 

Evaporate the nitric acid solution, if such is given, with addition of 133 
kilrochloric acid, to dryness, dissolve the chlorides in water, add idjout 
[twice the quantity of the metals present of pure l.itartrate ol potassa, 
warm slightly, to favor solution, and add a solution of iwtas^sii m alco- 
lioUrriiJiiiaiy, till the first-formed precipitate, consisting ot fiyilrateu 
oxides, lias redissolved. After cooling add a solution oi pure grape 
sugar and boil for 1 or 2 niim.tes. The copper t i Is down as siib- 
oxide. After yon have satisHed yourself, by the adihtion ot a drop of 
sugar solution to the clear fluid, that the procipilalioii is comp c e, 
ilikf, and determine the copper either as (’’y 'SD'tiDm treat- 

ment with nitric acid and rc-ignition) or as subsuljihidc (^ s • > 

The Iluid containing the uickid is evaporated to dryness, the resuiue 
the carbonate of potassa removed by washing the resn ue, 
re-igiiited, dis.solved in aqua regia, and the nickel prccipiUitei )) 

■ potassa solution according to § 1 10, a (DewilukI). 

I Teuoxide of Bismuth from the Oxiues of the i-irst Four 

I Gaoi'Ps, WITH THE EXCEPTION OF SeSQUIOXIDE OF IroN. 

IT’ocipitate the bismuth according to § 1*20, 4 (p. 2do) tus basic 134 
c^^Wide, and determine it as metal; all the other bases remain com- 
pleiely ill solution. Results very satisfactory (IL Rose^). 

Oxide op Cadmium from Oxide or Zinc. 

^^ropare a hydrochloric or nitric acid solution of 

neutral as possible, add a sulHcient quantity of tartaiic ’ 

^dution of potassa or swla, until the reaction of the c ear 

tmctly alkaline. Dilute now with a sufficient quantity o ’ 'uu 

boil for 1 hours. All the cadmium precipitJites as hydrated oxide 

t " ‘’1‘po«rAuoKl' U«. «». 
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free from alkali (to be determined as directed § 121), Avhil.st tlie 
whole of the zinc remains in solution; the latter metal is doterininod 
as directed in § lOcS, 1, h (Aubel and Ramdoiik*). The test-and} scs 
communicated are sjitisfactory. 

10. Protoxide of Manoanese from Oxide of Lead, Teroxide 
OF Bismuth, Oxide of Cadmium, and Oxide of Coiter. 

If you have a solution containing protoxide o^ manganese and ono 13( 
ol the other bases, precipitate the hot solution with carbonate ofsod.'i, 
wash the precipitate with boiling water, first by d('eaiitation,^tli(!ii on 
the filter, dry, ignite some time, Aveigh, and determine, in a jioilion 
ot the residue, the manganese by the volumetric method ( 67 )- ll 
the oxide of lead, of coj)per, of cadmium, or the teroxide of hismutli, 
is present in suflicicnt epiantity, the residue has tlic lormula 

Mn./)^ + a; M O. 

(Krieger.'I') You mu.st never omit adding some sulphide of aiiiino- 
nium to the filtrate, to ascertain whether the oxides have been oii- 
tirely precipitated by carbonate of soda, since oxide of cop])er, jiioie 
especially, is not always completely |)rccii)itatcd by carbonates of llio 
alkalies. 


II. Separation of the Oxides of the Fifth Geolt 

FROM each other. 

§ h;3. 

Index : — The No3. refer to those in the margin. 

Oxide of silver from oxide of copper, 137, 142, 143, 144, 157, 158, 159. 

,, oxide of c.'Klmiuni, 137, 142, 144. 

„ teroxide of his.nuth, 137, 141, 144, 155. 

„ oxiile of mercury, 137, 1 12, 144, 152, 154, 170. 

„ oxide of lead, 137, 140, 141, 144, 149, 157, 158 , 159 . 

Oxide of mercury horn oxide, of silver, 137, 142, 144, 152, 154, 17ii. 

)» suboxide of mercury, 138. 

„ oxide of lead, 139, 140, 141, 144, 152, 154. 

»> teroxide of bismuth, 141, 144, 152. 

>> oxide of copper, 139, 143, 144, 152, 154. 

»» oxide of c.adinium, 139, 152. 

Saboxide of mercury from oxide of mercury, 138. 

» oxide of copjier, 138, 139, 154. 

n oxide of cadmium, 138,139. 

M oxide of lead, 138, 139, 140, 141, 154. 

Compare, also, oxide of mercury from the other metals. 

Oxide of lead from oxide of silver, 137, 140, 141, 144, 149, 157, 

}t oxide of mercury, 139, 140, 141, 144, 152, 154. 

a ox i«Ie of copper, 140, 141, 144, 146. 

,, teroxide of bismuth, 140, 146, 155, 156. 

,, oxide of cadmium, 140, 141, 144. 

Teroxide of bismuth from oxxdo 137, 141, 144, 155. 

,, oxide of learl, 140, 146, 165, 156. 

M oxide of copper, 141, 144, 145, 147, b^^* 

n oxide of cadmium, 141, 144, 145, 146, 151. 

it oxide of mercury, 141, 144, 152. 

Oxide of copper from oxide of silver, 137, 142, 143, 144, 167, 1^8, 
i, oxide of lead, 140, 141, 144, 146. 

„ teroxide of bismuth, 141, 144, 145, 147, ^55. 

„ oxide of mercury, 139, 143, 144, 152, 154. 

,, oxide of cadmium, 143, 144, 146, 148, 150, 153^ ^ 

^Tiibirsb ‘164- 


Aunal. d. Cbem. u. Pbarm. 103, 33. 
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0,mU of cadmium from oxide of silver, 137, 142, 144. 

oxide of le.ad, 140, 141, 144. 

teroxide of bismuth, 141, 144, 14.5, 140, 1,51, 

,, oxide of copier, 143, 144, 146, 148, 150, 153. 

„ oxide of mercury, 130, 152. 

1 . Methods based upon the Jasolubilitij oj certain of the Chlorides 
in Watei' or Spirit of Wine, 


( I . Oxide of Silver from Oxide of Copper, Oxide of Cadmii .m, 
Ti^:i!0.'Cir)K of Bismuth, Oxide of Mercury, and Oxide of Lead. 

u. To separate oxide of silver from oxide of cop/per^ oxide of rad- 137 
nwiii) aivl feroxide o/Vv/.sao///(, add to tlie iiilric acid solution containing 
excess of nitric aend, liydroclilori(j acid as long as a precipitate fonns, 
and separate tlic prcci])itated chloride of silver from the solution which 
contains the other oxides, as directed § 115, 1, a. 

j]. If you xvish to separate oxide of mercuio/ {rom oxide of silver 
by hyh'oclilorie acid, special precautions must be taken, as a solution 
ui'iiitnito of mereury posse.sses the property of dissolving chloride of 
silver (Wackenroder, v. LiKiiia*). Although the chloride of silver 
ill solution for the most part separates on the addition of enough 
liydiooliloric acid to convert the nitrate of mercury into cldoridc, or 
on addition of acetate of soda, still iv(i cannot depend upon the com- 
jilcte preci})itatioii of the silver. On tins account, mix the nitric acid 
sohitioii — which may not contain any suV)oxide of mercury, and is to 
lie in a sulliciently elilutc condition and acidified w’ith nitric acid — 
with liydrochloric acid, as long a.s a preci])itate form.s. Allcw to 
deposit, filter off the clear fluid, heat the precipitate — to free it from 
liiiy possibly co})reci])itated basic mercury sidts — with a little nitric 
acid, add water, then a few drops of hydrochloric acid, and filter off the 
cliloridc of silver. In tlic filtrate determine the mercury as sulphide 
'1), Hud finally test tliis for silver, hy ignition in a stream ot 
liyiirogcai— any silver tliat may liappien to bo present will remain 
''diimi in the metallic state. 


y. Ill tlie separation of silver from Icad^ the precipitation is also 
preceded by addition of acetate of soda. The fluid must l)e liot and the 
^'drocliloric acid rather dilute ; no more must be added of the latter 
is just necessary. In this manner, tlie sci)aratiou may be readily 
^ffected, since ehlori«lc of lead dissolves in acetate of soda (Anthon). 
i^he lead is thrown doAvn from the filtrate by .sulpdiu rotted hydrogen. 

(• The volumetric method (§ 115, 5) is usually resorted to in 
mint, to determine the silver in aflof/s. In ])reseuee of oxide ot 
mercury, acetate of soda is mixed witli the fluid, immediately before 
addition of the solution of chloride of sodium. 


Suboxide of Mercury from Oxide of Mercury, Oxide of 
oi'pkr, Oxide of Cadmium, and Oxide of Lead. 

^bx the highly dilute cold solution witli hydrochloric acid, as long 138 
^ Precipitate (subchloride of mercury) forms ; allow tliis to deposit, 

^ feron a weighed filter, dry at 100'’, and weigh. The filtrate con- 
the other oxides. If you have to analyse a solid body, insoluble 
I'* Water, either treat directly, in the cold, with dilute hydrochloric 
or dissolve in highly dilute nitric acid, and mix the solution 


* Annal. d. Chem. u. Pharm. 81, 128. 
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with a large quantity of water before proceeding to precipitate. Care 
nm.st always be taken that the mode of solution is such as not to en- 
danger the oxidation of the suboxide of mercury. If lead is ]»reseiit 
the wasliing of the subchlori<lo must bo executed with special care 
with water of 00 — 70°, till the filtrate ceases to be colored with sul- 
phuretted hydrogen. As an additional security, it is well to test at 
last whether the weighed subehloride leaves no suljdiide of lead 
behind on cautious ignition with sulphur in a stream of hydrogen. 

r*. Oxide and Suboxide of Mebcury from Oxidf ok Copper, 
Oxide of Cadmium, and (but less well) from Oxide of Lead. 

If mercury is prc.sent as oxide or as oxide and suboxide, it is pre- 132 
oipitated according to § 118, 2, rq by means of hydrochloric acid and 
phosphorous acid as subchloride. Tlie precipitate, particularly wlien 
bismuth is piresent, is first washed with waiter containing hydrochloric 
acid, then with }>ure water, till the waishings are no longer colored 
with sulphuretted hydrogen (II. 1vo.se*). In the jiresence of lead, 
the remarks in 138 must be attended to. 

*J. The method of sejiarating oxide of lead from oxide of mercury, 
oxide of copper, and teroxide of bismuth, by highly coiicentratiiig the 
nitric acid solution, adding hydrochloric acid and alcohol, and Avashing 
th(3 cliloride of lead Avitli alcohol, cannot l>e reeoiiiniended. It i.s 
uneipial in accuracy to the method given in 140 - 

2. x)f(:tho(ls based upon the lusohihiUtp of Sulphate of TaukI. 

Oxide of Lead from all other Oxides of the Fifth Giiofp. 

Mix the nitric acid solution with pure sulphuric acid in not too 140 
slight excess, evaporate until the sulphuric acid begins to volatilize, 
allow the llui<l to cool, add wuiter (in which, if there is a siitlieieiit 
(piantity of free Hul|)huric acid presimt, the sulj)}iates of rnercniy ;uid 
ot bismuth (lis.solve coin|)leteiy), and then filter the solution, Avhicli 
contains the other oxides, ndthont detaff from the undissolved .snljhato 
of lead. Wa.sh the precip)itate Avith w’ater containing sulphuric acid, 

displace the latter with spirit of wine, dry, and weigh (§ Ilf, 3). 
Precipihite the otlujr oxides from the filtrate by sulphuretted hydrogen. 

If oxide of silecr is presisit in any notable ([uantity, this mctliod 
(;annot be recommended, as the sulphate of silver is not soluble 
<.‘nough. In this case you may follow MLiOTand STORER,f viz., niixtlic 
.solution with nitrate of ammonia, warm, pireeijdt'ite th(3 greater portion 
of the silver with chloride of ammonium, evaporate the filtrate, rcnio\o 
the ammonia salts by ignition, and in the residue sejiarate the small 
remainder of the silver from the load with sulpdiuric acid as ju^t 
<lirected. For the separation of had from bismuth, on the above 
prinei])lo, II. Jvose| gives the following process as the best. If both 
oxides are in dilute nitric acid .solution, as is usually the case, evapo- 
rate to small bulk, and add enough chloride of ammonium to dissobc 
all the teroxide of bismuth ; the lead sejiarates partially as chloiii c- 
Should a piortion of the clear fluid poured off become turbid on tie 

* Pogg. Annal. 110, 534. f 11 18611) 

t Proc«3odings of the American Acatlemy of Arts and Sciences, Sept. > 
p. 52 ; Zeitschrift f. Analyt. Chein. 1, 380. 

X Pegg. Annal. 110, 432, 
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addition of a drop of water, you must add sonic more liydrocliloric 
acid till no permanent turliidity is produced unless several drops of 
witer are added. The turbid fluids should all be returned, and the 
glasses rinsed with alcohol. Add now dilute sulphuric acid, allow 
to stand some time with stirring, add spirit of wine of 0-8 sp. gr,, s1,ir 
well allow to settle for a long time, filter, wash the suljdiate of lead 
first with alcohol, mixed Avith a small quantity of hydrochloric acid, 
then with pure alcohol. Determine it after § 110, d. Mix the 
filtrate at once with a largo <puintity of water, and proceed with the 
precipitated basic chloride of bismuth according to § 120, 4 (p. 204). 

3. Methods based upon the different Deportment of the Oxides and 
Siiiphides, with Cyanide of Potassinin (Fuesenius and 
Haidlen*). 

rt. Oxide of Lead and Teroxide of Bismuth from all other 
O xiDKS OF THE FiFTH GroUP. 

Mix the dilute solution with carhonatc of soda in slight excess, add 141 
, solution of cyanide of potiissinm (free from sulphide of potassium), 
liuit gently for some time, filter, and wash. On the filter you have 
- enrbonate of lead and of bismuth, couniiiiiiig alkali; the filtrate contains 
th(! other metals as cyanides in combination Avith cyanide of potassium. 

Tlio method of effecting their fiirtlier separation Avill be learnt from 
ivhat folloAvs. 

h. Oxide of Silver from Oxide of Mercury, Oxide of Copper, 

AND Oxide of Cadmium. 

Add to the solution, Avhich, if it contains much free acid, must 142 
previously he nearly neutralized Avith soda, cyanide of ]>otassium until 
the {U’ceipitate Avhich fiirniH at first is rcdissolved. The solution 
contains the cyanides of the metals in coml)inalion Avith cyanide of 
potassium as soluble double s:ilts. Add dilute nitric acid in excc'ss, 

^vhicli effects the decomposition of tlio doulde cyanides ; the insoluble 
cyanide of silver precipitiitos permanently, Avhilst the cyanide of 
mercury remains in solution, and the cyanides of copper and cadmium 
rodissolve in the excess of nitric acid. T'reat the cyanide of silver as 
directed § 115, d, or convert it into the metallic state by ignition in 
^ porcelain crucible till the Avciglit remains constant. If tlie filtrate 
contains only mercury and cadmium, preci})itate at once Avith suljihu- 
tetted hydrogen, Avhicli comjdotely tliroAvs doAvn the sulpdiides ot the 
^woinet'Us; l)ut if it contains copper, you must first cvajiorate Avith 

P^i'^iric acid, until the odor of hydroctyaiiic aciil is no longer per- 
';^P>'i|de, and then precii)itate with suljduiretted hydrogen, or Avith 
«^lutiou of potassa or soda (§ 111), 3 or 1). 

m Oxide of Copper from Oxide of Silver, Oxide of ISIercuuy, 
Oxide of Cadmium. 

solution, as in ft, Avith cyanide of pota.ssium until the pre- 143 
Jpitate Avhich is first thrown doAvn redissolves ; add some more 
of potassium, then sulphuretted hydrogen Avater or suljdudo 
as long as a precipitate forms. The sulphides of silver, 
and mercury are completely throAvn down, Avhilst the 


Annal. d. Chem. u. Pharm. 43, 129. 
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copper remnina in solution, as sulphide dissolved in cyanide of potas- 
sium. Allow the precipitate to subside, decant repeatedly, tn'at tin; 
precipitate, l‘or security, once more with solution ot cyanide ol ])otas- 
sium, heat gently, tilter, and wash the .sulphides of the metals, To 
determine the copper in the filtrate, evaporate the latter, with addition 
of nitric and sulphtiric acid.s, until there is no longer any odor of 
hydrocyanic acid perceptible, and then ])reclpitato with solution of 
potiissa or soda (§ 111), 1), or determine it as subsulphidcj (§ 1 1'J, d). 

( 1 . All the IMetals oe the Fifth Group from each oniKit. 

I\Iix the dilute solution with carbonate of soda, then with cyanide 144 
of pota.ssium in excess, digest some time at a gentle heat, and lilter. 

On the filter you have carbonate ot lead and ot bismuth, containiiii^f 
alkali ; separate the two metjils by a suitable method. Add to tiio 
filtrate dilute nitric acid in exces.s, and filter the tliiid from tlio pre- 
cipitated cyanide of silver, which determine as dirccteil § llo, o. 
Neutralize the filtrate with carbonate of soda, add cyanide of ]»otas- 
siurn, and ])ass sulphuretted hydrogmi in exce.ss. Add now some 
more cyanide of ])otassium, to redissolvc the sulphide ot copper which 
may have fallen down, and lilter the Iluid, which contains the whole 
of the copj)cr, from the precijiitated sulphide ol mercury and suljihidc 
of cadmium. Determine the copper as directed in c, and se[)arato 
the mercury and cadmium as in 139 152 - 

4. Methods hosed on the Fonndtion and Separation oj uisoJehh 
Basic Salts. 

Tkroxide of Bismuth from Oxide of Copper and Oxidk of 
Cadmium (also from the oxides of the first four groups, with the 
excejitiori of oxide of iron). 

Precipitate the bismuth as Basic chloride according to § P2»), 1 145 
(p. 2.45) and throw down the coj)per and cadmium in the filtrate hy 
sulphuretted hydrogen. Results thoroughly satisfactory (II. Kusl*)- 

Tkroxide of Bismuth from Oxide of Lead and Oxide of 
CaDM I UM. 

Separate the bismuth according to § 120, 1, c, as basic nitrate, aiul 146 
prccijfitate the lead and cadmium in the filtrate by sulphuretto 
hydrogen. Re.sults very siitislactory (J. LiiWEf). 

Tkroxide of Bismuth and Oxide of Copper from Oxide ot 
Lead and Oxide of Cadmium. 

Separate the bismuth after § 120, 1, c, as basic nitrate, then heat 
the dish on the water-bath till the neutral nitrate ol copf)er is cem 
j)letely converted into bluish-green basic salt and no blue solution . 
j)roduccd on addition of water. Allow to cool, treat with 
solution of nitrate of ammonia (1 in 500), filter, wash ^ 
solution, and separate in the solution lead from cadmium , t'owe 
residue copper from bismuth. Results very satisfactory ( • ’ 

loc. cit.). 

• Pogg. Anna!. 110, 430. + Journ. f. prakt. Chem. H, 315- 
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5. MctlmU hw^ed vpou the Soluhilitjf of some of the Oxides m 

Animonia^ or Corbonate of Ammonia, 

a. OxiDK OF CoiM'EU FFtOM TeROXIDE OF BlSMUTII. 

(t. Mix the (nitric acid) soiiition with carbonate of aninionia in 147 
(xcest5. The biHinutli separates as carbonate, wliilst the carboinite of 
copper is redissolved by the excess of carbonate of ammonia. 

As the preci])itate, however, generally retains a little coj)[)er, it is 
necessary to redissolve it, afler w, ashing, in nitric acid, and ])recipitatc 
aLeun with carbonate of ammonia ; the siimc oj)eration must be la;- 
peiited a third time if re<piired. Some solution of (airl)onate ot 
aimiionia may be added to the water used for washing the precipitate. 

Ajiply heat to the lilt rate that the carbonate of ammonia may vola- 
acidify cautiously with hydrochloric acid, and determine the 
copperas subsuljhido (§ 1 11), d). The oxide of bismuth tlius obtained 
is quite copper-free, but a little bismuth passes into the coj)per solu- 
tion, hence the se[)aration does not give such exact results as that 

ill 145 (II. hosK*). 

jl Mix the solution with some chlonMe of ammonium, and drop it 
CTiidually into dilute ammonia. The bi.smuth is precipitated as a 
liiisic salt, whilst the oxide of copper nmiains in solution as an am- 
inoiiiacal doulile salt (HERziaars). Wash the precipitate with dilute 
amiiionia, dissolve in dilute nitric acid, and determine as directed 
5 l-O. Determine the copper in the ammoniacal solution. In tliis 
tiiotlio/l, also, it is advisid)le to preci[)itate twice, as in a. 

ie Oxide of Cofpeu from Oxide of Cadmium. 

Add carbonate of ammonia in exces,s. Carbonate of cadmium 148 
suppurates, whilst the oxide of copper remains in solution with some 
p-dde of cadmium. I'pon ex]>osure to air, the latter se^iaratcs, the 
p'tl't'r I’ciiKunirig in s«)lution (STia)MEYER). Treat the liltrate as in 
lil The ]»rocess is more convenient than 143 153 > hut the 

sppai'ution is less complete. 

p- Ciii.ouiDE OF Lead and ('iiloride of Silver may be separated 149 
also l)y solution of ammonia, which dissolves the latter, leaving the 
c chloride of lead, licar in mind that tlie 
be recently ])recij)it;ited, and 'with exclusion ot 
)f silver is thrown dowui from the ammoniacal 
■'^dution by nitric acid. It is necessiiry to test the tluid tiltered from 
bo chloride of silver with suljdiuretted hydrogen to a.scerUiin whether 
^"•'ghable quantities of chloride of .silver may not be reUiined insolu- 
hoii hy the agency of the ammonia sidts. 

6. Method based on the Precipitation of the Copper as Subsulpho- 

epanide. 

bxiDE OF Copfek from OxiDE OF Cadmium [aiicl the oxides of 
i.—iv. (comp. 128 .)] 

Irccipitato the copper according to § 110,3, ft, as subsulphocyanide 150 
and the cadmium from the filtrate as sulphide. Results 

* Pogg. Annal. 110^ 430. 
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7. Method based upon the different Deportment of the Chro- 

mites. 

Bismuth from Cadmium. 

Precipitiite the ))isinuth as directed § 120, 2. The filtrate con- 
tains the whole of the cadmium. Concentrate by evaporation, and 
then precipitate the cadmium by the cautions addition of carbonate of 
soda, as directed § 121, 1, a (J. LuWE,* W. rKAitsONj). Tlie results 
are sidd to be satisfactory. 

8. Method based upon the different Deportment of the Sulphhks 

ivith Acids. 

a . 0.\iDK OF Mercury from Silver, Bismuth, Copper, Cadmium, 
AND (but less well^ from Lead. 

Boil the thoroughly washed precipitated sulphides with perfectly 152 
pure moderately dilute nitric acid. The sidphide of mercury is Ictl 
undissolvcd, the other sulphides are dissolved. Absence of chlorino 
is indi.s 2 )ensable. (1. v. JiATH| emjdoyed this method, which is so 
universally used in (pialitaiive analysis, with i>crfect success for the 
sefmration of mercury from bismuth. 

Oxide of Copper from Oxide of Cadmium. 

Boil the well-washed precipiUites of the sul])hides with dilute 153 
Ruliduiric acid (1 part concentrated acid and 5 parts water), and, after 
some time, filter the undissolvcd suljdiide of cop})cr, to 1)C detcr- 
inined according to § 111), d, from the solution conudning the whole 
of the cadmium (A. W. Hofmann ||). 


9. Methods based vpon the Volafilifi/ of some of the ^^etah^ 
Oxides, Chlorides, or Snlphides at a hvjh Temperature, 
a . Mercury from Silver, Lead, Copper (in general from the 154 
metals forming non-volatile chlorides). 

Precij)itate with sul})huretted hy<lrogen, collect the precifiitated 
suljdddes on a \veighed filter, dry at lb(C, weigh, and mix uniforinly. 
Introduce an aliquot ])art into the bidb D (lig. 84), ])ass a slow stream 
of chlorine gas, and a 2 )ply a gentle heat to the bulb, incn'asing this 
gradually to fiiint redncs.s. Connect (i during the o]H'ratlon with a 
carlioy containing moist hydrate of lime. First chloride of sulphur 
distils over, which decomposes with the wat(;r in the tubes E ami F 
(p. dd8) ; then the chloride of mercury formed volatilizes, condensing 
p>artly in the receiver Fj, partly in the hind part of the tube 0. f 
off that part of tlie tube, rinse the sublimate with water into A, and 
mix the contents of the latter with the water in F. Warm the solu- 


tion until the smell of chlorine has gone off, and then determine in 
the fluid filtered from the sulphur which may still remain undissolvei , 

the mercury as directed § ll8. If the residue consists of chloride o 
silver alone, or chloride of lead alone, you may weigh it at once; 
if it contains several metids, you must reduce the chlorides by ignib^^)^ 
in a stream of hydrogen gas, and dissolve the reduced metals in iiitim 
acid, for their ulterior separation. Bear in mind that, in jiresence o 


• Journ. f. prakt. Chera. 67, 469. 
+ Pogg. Amial. 96, 3z2. II 


t I'hil. Mag. Ji. 2W- 
Annal. d. Cheui. u. Piiarm. 115, 




Fig. 84. 


If it is intended to determine the mercury by the diffenmee, instead 
of in the direct way, the apparatus may be much simplillod. In tins 
case, however, greiit can* must be bestowed on the drying of the 
snlpliides at 100°, because, for instance, the' sulphide of leail on drying 
first becomes lighter fn)in loss of moisture, tlien gradually heavier 
aiwin by absorption of oxygen. ITt'uce the method should only bo 
adopted when a small ([uautity oidy of another metal is present with 
the mercury. Weigh the dried precipiUite every half hour, and Uiko 
the low(!st wciglit as the correct one. Then ignite an aliquot part ot 
the precipitate in the stream of hydrogen in a crucible with per- 
toriited cover, or in a tub^ with j)orcelain boat. The method wumot 
he applied unless only one metal is jncstait with the mercury. From 
the residue in the crucible or boat reckon how much the wliole pre- 
ppitate, dried at 1()()°, \vouId have yielded, then calculate the result 
^'^to sidpliide, in whicli form the snhsUince was contained in the dried 
P^^'< ipitatr — the diirererice is sulphide of mercury. 

Hy ignition in hydrogen sulphide of silver yields the metal, snl- 
p iJ'hi ()( coppor yields the snhsul|)hide, sulphide of lead remains im- 
•‘torod. Results good. 

In alli)y,s or mixtures of oxides the mercury may usually be deter- 
^aiiod with simplicity from the loss on ignition. 

Tekoxide of Bismuth fuom Oxide of Silver, Oxide of 
AND Oxide of Copper. 

separation is effected exactly in the same way as that of mer- 155 
from the same metils ( 154 )- The method is more csiiecially 
^^^'iveuient for the sepiaration of the metals in alloys. Care must be 
not to heat too strongly, as otherwise chloride of lead might 
^hlize; nor to discontinue the application of heat too soon, as 
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otherwise bismuth would remain in the residue. Put water coi^ 
taining hydrochloric acid in the tubes K and F (Hg. 84), and dctcr- 
miiie the bismuth therein according to § 120. 

10. Precipitation of one ^^etal hi/ another in. the Metallic Slate. 

Oxide of Lead from Teroxide of Bismi tii. 

Precipitate the solution with carbonatx! of ammonia, wash the pre- 
cipitated carbonates, and dissolve in acetic acid, in a (lask ; place ■[ 
weighed rod of jmre lead upright in the solutii)n and nearly lill u]) 
with water, so that the rod may be entirely covered by the ilnid; close 
the Hash, and let it stand lor al)Oiit 12 hours, with occasional shakiii:;. 
AVash the j)recipitated lei.smnlh olf I’rom the lead rod, enlicct on a 
filter, 'V^sh, and dissolve in nitric acid ; evaporate the solution, and 
deternwe the bismuth as directed § 120, Determine the lead in tlie 
filtrate as directed § llC. Dry the leadcm rod, and weigh; sulilracl, 
the loss of weight which the rod has snlfen'd in the [access, Iruni tluj 
amount of the lead obtained Irom the filtrate ( ULHii:KN). 


11. Separation of Si/rer hi/ Cn/iellation. 

CuPELLATiON was foiancrly the uidversal method of delerniiiiinL!; 157 
SILVER in alloys with rORi'Kig lkad, i^'c. 'fhe alloy is fused togctlicr 
■with a sutheient quantity of ])Ure lead to give to 1 ]>art of silver If 
to 20 [)arts of lead, and the tii.sed mass is heated, in a miitllc, in a 
small cu[)el made of compres.sed hone-ash. Lead and c-op[»er arc oxi- 
dized, and the oxides ab.sorbed by the cup(‘l, the silver Ix ing IclL 
behintl in a state of |)urity. One part by weight of the cu])t'l ahsorlis 
the oxide of about 2 [>arts of lead ; the quantity ot' the sample to be 
used in the experiment may l)e estimatecl accordingly. This nietliod 
is oidy rarely emj)h)y(al in laboratories; 1 have given it a jdaec lure, 
liowiiver, be(‘aus(^ it is one of tln^ safest procesi^es to di'termiin! very 
small quantities of silver in adoys.* With laggard to details, 1 ret’er 
to the ‘‘ Determination of Silver in Oahma,” § 21(1. 


12. Volnmetrie iJetennination of Si/rer in Presence of Lead mid 
(lo/iper: based ii/xni the ! ie/ioi'tiiieiit of Nitrate oj Silrer 
icith Solution, (f Iodide of Starch. 

See § 115, 5, 11. (j>. 210j. 


158 


13. MetlanFhased on theheharatr of Aininoniaeal Sohdionsoj Suh- 
ch/oride of Co/i/ier and <f O.ride of Silrer irith each other. 

If you pour a solution of aminoido-sid)chloride of c()])p<'i‘, contamiiig 
larg(; excess of ammonia, into a solution of nitrati' of silver likewise 
sujjersaturated with ammonia, a j)reci[)ilate of metallic silver is nnine- 
diatoly formed. 

On this foundation Millon and Commailli:| have built the lul- 
lowing inetliods of separation : — 


a . Determination of Oxide of Silver in presence of Oxipi^ 
OF Lead and Oxide of Copper. 

Mix with ammonia in exemss, filter, add excess of ammonio-suh 
chloride of copp)er, allow the i)recij)iUite to snleside, filter it oil, wasi 

• Compare Malaguti and Durncher, Coinpt. rend. 20, 089 ; Dingle^ ht> 
t Coinpt. rend. 50, 009; Zeitschritt f. analyt. Cheni. 2, 2U. 
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uith animoTiiacal water, ignite, and weigh. The test-analyses that 
Irive been adduced arc ])crlectly satisfactory. Very snndl (|ii;iiitities 
of the precipitated metallic silver I shoidd prefect to dissolve in nitric 
'[M evaporating to dryness, and determining tlic silver after PisanTs 

iiielliod (p. 210). 

1 ), Dktehmixation of Suboxide of Copper in the pbesence of 
T iic Oxide.* 

Dissolve tlie compound in h^'drocldoric acid, add excess of am- 160 
mmiia, then excess of solution of nitrate of silver, wliicli lias been 
mixed with so much ammonia that no separation of chloride of 
silver can tahe |)lacc. All these ojx'rations must 1)0 performed in 
an apparatus through which hydrogen (washed xvith ammoniacal silver 
solution) is passing, dftie ju’ecipitated silver is finally determine#as 
in 159- 1 erp of the «une corresponds to 1 cq. Ciq O or Cu^ Cl. 

The total amount of the copper is Ixist determined in another portion 
of the substance. 


SIXTH OBOUF. 


TtKOXIDE OF GOLD BINOXIDE OF I’L.VTlNt'M — PROTOXIDE OF TIN — BINOXIDK 

Ol,' 'iix — TKUOXIDE OF ANTIMONY (aNTIMONIC ACID) — AUSENIOUS ACID 

— AHSENIC ACID. 

• 

1. Sl'rARATION OF THE OxiDES OF THE SiXTH GrOUP FROM THE 

Oxides of the first Five Grocps. 


§ lf»l. 

Index : — The Nos. refer to those in the margin. 


Gold^ from the oxides of (jlroups J.- -Til., 1(U, 10(3. 
„ ,, IV., 1(31, 1(31, 1(3(3. 



silver, 1(31, 182. 
mercury, 1(31, 100, 170. 
load, 1(34, 1S8. 
copper, 104, 100. 
bismuth, 104, 100, 188. 
cadmium, 104, 100. 

from the oxide.s of (iroups I. — III., lOh 

„ IV., 1(51, lOo, 107. 


,, silver, 105. 

„ mercury, 165, 167. 

,, lead, 16.5. 

,, copper, 165, 167. 

,, bismuth, 165, 167. 

,, cadmium, 165, 167. 

Tin from the oxides of Groups 1 and IT., 101, 169, 175. 
,, „ 111., 101, 169. 

,, zinc, 161, 163, 168, 109. 

,, manganese, 161, 1(33, 1(>9. 

,, nickel and cobalt, 161, 103, 108, 109, 174. 

,, iron, 161, 163. 

,, silver, 162, 163, 168, 174. 

,, mercury, 162, 163, 168. 

,, lead, 162, 163, 1(58, 174. 

„ copper, 1<)2, 163, 168, 169, 174. 

), bismuth, 162, 163. 

n cadmium, 162, 163, 168. 


the 


from § 119j 4^ ^ 229), it is evident that thi.s estimation may be also based on 

Action of seaquiohloride of iron on suboxide of copper. 
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Antimony from the oxides of Groups I. and II., 161, 175. 

„ „ HI., i«i. 

,, zinc, 161, 163. 

,, manganese, 161, 163. 

,, nickel and cobalt, 161, 163, 173, 174. 

,, iron, 161, 163, l72. 

,, silver, 162, 163, 174. 

,, mercury, 162, 163, 170, 183. 

,, lead. 162, 163, 174, 185. 

,, copper, 162, 163, 172, 174, 186. 

,, bisniutl), 162, 163. 

,, cailiniurn, 162, 163. 

Arsenic from oxides of Group I,, 161, 175, 178, 180, 181. 

„ „ IT., 161, 171, 175, 178, 180, 181, 184, 

,, „ III., 161, 170, 180. 

„ zinc, 161, 163, 171, 177, 178, 180, 181. 

H manganese, 161, 163, 171, 177, 170, ISO, 181. 

„ nickel and cobalt, 161, 163, 171, 173, 174, 177, 178, 179, 180 , 181 . 

„ iron, 161, 163, 171, 172, 177, 179, 180. 

,, silver, 162, 163, 171, 174, 180. 

,, mercury, 162, 163, 171, 180, 183. 

„ lead, 162, 163. 171, 174, 177, 178, 180, 184. 

„ copper, 162, 163, 171, 172. 174, 177, 178, 179, 180, ISO, 187. 

„ bismuth, 162, 163, 171, 180. 

,, cadmium, 162, 163, 171, 178, 179, 180. 

A. General MclJivils. 

1. Method b<v<ed upon the PiTcIpitation of the O.rides of the Sedh 
Gronp from, Acid Solutions by Sulphuretted llydrixjeii. 


Ar,r. OxiDE.s of the Sixth Guouf fkom those of the itust 
F or II Groups. 

Conduct into the acid* solution sulphuretted liydrogen in c.xcess, 161 
and filter off the precipitaUMl sulpludes (corresponding to the u-xitlis 
of the si.xth group). 

The points inentioned 123 ; «> />» ond y must also ])e attciidc'd to 
licrc. As regards y, antimony and tin are to he inserted hetwoeii 
cadmium and merenry, in the order of met4ds there given. idi 
respect to tlie particular conditions re(piired to secure tlie ])r()pi‘r 
j)reeipitation of certain metals of the sixth grouj), I refer to Sectiou 
iV. 1 liave to remark in addition : — 

a. Tliat sulphuretted hydrogen fails to se])arate arsenic acid from 
oxide of zinc, as, even in prc.sence of a large excess of acid, the whole 
or at least a ])ortion of the zinc preci])ilates with the arsenic, as Zn 8, 

As iSj (WiiiiLER). To secure the separation of the two hofc ii| 
solution, the ar.senic acid must iir.st he converted into arsenii^ acid, 
hy heating with Huljdinrons acid, before the sulphuretted hydrogen is 
ermduet<Kl into the fluid. 

ft. That in presence of antimony, tartaric acid should be added, as 
otherwise the Hul])hido of antimony will contain cldoride. 

2. Afethod based upon, the. Solubility of the Sulphides of the 
of the Sixth (Jroup in Sulphides of the Alkali Meiids. 

a. The Oxides of Group VI. (with the exception of Gold and 1 la- 1 
tinum) FROM those of Groui* V. 

Precl[)itate tlie acid solution with si 

due attention to the directions given in 

of the several metals, and also to the remarks in 161 * 

* llydrochluric acid answers best as acidifying agent. 


iljdnirctted hydrogen, paymn 
, Sorfioii IV. imdin- the licads^ 
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•.,3 of the sulphiacs of the metals of (iroups V. and VI. Wash, 

“ Jl.,tfdv after with yellow siilpldde of ammonium 111 excess, 
the imxturc for some time at a gentle heat; liller olf the 
", iini(l treat the residue again with suljhide ol ammonium, 

'V \ . iiort time, repeat tlie same operation, if necessary, a third 
mter, L\ wasl, tl.o rosi.luavy sulpludo* ..f Croup V. 

”"•'1 water coutaiiiiug sill|.liiao of ammonium. If protosulpliule of tm 
nseiit some flowers of .sulpilmr must lie a<ltle(l to tlic; sulplmlo ol 
iimiimiinm, unless the latter be very yellow. In pro-senee ol coi,p(;r, 
subliiflc of wliich is a little soinble m snlplmlc ol .■innnonmm, 
llmll of soaitim sl.oul.1 be used instead. However tins Mibs i- 
e,m be made only in tl.e absence of mercury, since tlie sulpludcs 

nftli it metal arc soluble in suliibide of sodium. 

\,1,1 to tl.e alkaline filtrate, gradually, bydroeldoric aid m si^l 
omens, until tl.e acid predominates; allow to subside, and tlicn 
oir the siilpl.ides of tl.e meU.ls of the s.xtl. grot.p, wl.icl. aie 

lUlXCtl Wltll • 1 P 

S, iiNi imai* states ll.at be fliileil in effei ting complete separation of 

1, hull, hide of bisnuitl. from liisnipl.ide of tin by digestion ''‘.''y" - 
itoloof potassium, but snece<>ded m accomplishing that ob e.t bj 
linducting snlphiirelted liydrogen into tl... potassa solution ol tartrate 
of leroxi.lo of bismuth and protoxide ol tm (which decouipost into 

kiiioxidc of bismuth and binoxnle ol till). 

If ,1 solution contains much arsenic acid in presonco of small qt an- 
titios of copper, hismutli, &c., it is convenient to prcciiuvate these 
metals (together with a very small amount ol snlphide ol arsenic) ’y 
a 1, lief treatment will, sulphuretted hydrogen. 1' ''‘'■'C I'y* 
liiieipitate with sulphide of ammonium (or sulphide o po assui 
iieitlify flic solution obtained, mix it with the 1 inner tiltrate con- 
taiiiiiig tlie prineiiial quantity ol' the arsenic, and proceed to tieat 
fuitlier with sul])huretted hydrogen. 

rriiE Oxides of OnoiP VI. (with the exception of Gold and 163 
flatiimin) fhom those of ( Juoi’PS !\ . and \ . 

a. Neutralize the solution with ammonia, add cliloride of ammonium 
if necessary, and then yellow sulphide ofammoiimm ... excess; iliges 
ill a clo.s,id flask, for some lime at a moderate heat, and then pioooei 
« in 162 . Kepeated digc.stioii with fresh qiiaiitilies ot ™'phide ol 
‘iinmoiiiuia ia imPi.spc.nsiible. On the liltor, you h.i\e tic mi p lu c. 
nf tlie meAof Croups IV. and V. Wash will, water eontaiiiiiig 
snlpliide of ffiimoiiium. 

hi iirosonee of nickel, this method ofl'ers jieeuhar diflieulties , . ■ 

"f suli,l,ide of mercury, too, are liable to pass into the f'hpy- , 
iwaenee of copper (and al.seiiee of mercury), soda and siilpliiue 
seJimii are substituted for ammonia and sidiihido ol ammoiuuni.T 

,tTte aocamey of ;U ^'iiod 
^'* 1 . Chem. Soc. 5 , 110 ). That oheniiat foan.l that 
Htate ainall nuantitica of bisulphiiio of tin from laigc q . ... A separation of 

"V « sul,,|,i,}e of cailmiu... (1 : 100) ; anil that n.ore f .^^^^^early 

PPetfrom tin and antimony also fro... arsenic;) hy tins j ca^ot coufinn, 

Lucius, 111 mvl.'ilioratory, has succeeileu m stiuyit b n .Ceypnf thr»e or 
^ y' lowishsuiphido^of sodium ^nqiletoly i '>ut it is bn 

times with sufficiently large quantities of the solvent, as stated in the text. 
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f], Tn the analysis of solid compounds (oxides or salts), it is 
most cases prcforabhi to fuse the substance witli 3 parts of dry car- 
bonate of soda and 3 of sulpluir, in a covered porcelain crucihh', over 
a lamp. When the contents arc com])letely fused, and the excess of 
sulphur is volatilized, the mass is allowed to cool, and tlien treated 
with water, which dissolve's the sidphos:dts of the metals of the si\di 
grouj), leaving the sulphides of Groups IV. .and V. undissolvod. p,y 
this means, even ignited binoxide of tin may be readily testixl for iron 
&c., and the amount of the admixture determined (ll. Hose). The 
solution of the sulphosalls is treated as in 162. li> the prcsi'iicc of 
copper, traces of the sulphide may be dissolved with the siilpliidos 
of Group VI. Occasionally a little sulphide of iron dissolves, eoloriin^r 
the solution green. In that case add some chloride of aininoniuiii, and 
digest till the solution has turned yellow. 

B. Special Afethods. 

1. Methoth bnaed upon the Inwluhilitij of some Metals of (he 
Sict/i (Iroap in Acids, 

a. Gold from MtrrALs of Groups IV. and V. in Alloys. 

a. Roil the alloy with pure nitric acid (not too concentrated), or, 164 
according to circum.stances, witli hydrochloric acid. The otlier metals 
dissolve, the gold is left. The alloy mu.st be reduced to lllings, or 
rolled out into a thin sheet. If the alloy were treated with ooimoii- 
trated nitric acid, and at a temjierature below boiling, a little gold 
might dis.solve in consetpience ol‘ the co-operation of nitrous acid. In 
the [iresence ol’ silver and le;id, this metliod is only applicahle wlioii 
they amount to more than 80 per cent., sinm; otherwise they are not 
completely dissolved. Alloys of silver and gold containing less than 
80 per cent, of silver are thm’efore lii.sed together with 3 parts of lead, 
before they are treated with nitric acid. Tlie residuary gold is 
weighed; but its |)urity must l>e ascerUiined, ly dissolving in rold 
dilute nitrohydnxdiloric acid, not in concentrated liot acid, as chloride 
of silver also is solui)le in the latter. 

At the Mint ('onferemaj held at Vienna in 1857, the following 
cess was agreed ujK)n i’or the mints in the several states of (lermany. 
Add to 1 ])art of gold, supfujsed to be })rosent, 2.V ]mrts of jnu’C 
silver; wrap both the alloy and the silver in ])ai)er together, and 
introduce into a cupel in which the recpiisite amount of le^is 
liising.* After the removal of the lead (by absorption), the^Pttoii ol 
gold and silver is flattened, by hammering or rolling, then ignited, and 
rolled ; tlio rolls are treated first with nitric acid of 1'2 s]). gr., after- 
wards with nitric acid of 1*3 sp. gr., rinsed, ignited, and weighed.f 
ft. II oat the alloy (previously filed or rolled) in a capacious pla- 
tinum dish with a mixture of 2 parts j)Ure concentrated sulphuric acid 
and I part water, until the evolution of gas has ceased, and the sul- 
])huric acid begins to volatilize; or fuse the alloy wifh bisulpluite of 
pottissii (11. Rose). Separate the gold froiii the sulphates of the other 

* If tho weighed Fianiplo, gay 0-25 grm., contairiH 98-02^ gold, 3 gi-m. of lo»^ . 
require<l ; if 92-87*5, 4 gnu. ; if 87-5-75, 5 grm. ; if 75-60, 6 grm. ; if 60-da, i h 
if If than 35, 8 grm. - 20/ i 

+ KunHt- und (Jewerheblatt f. Baiem, 1857, 151 ; Chem. Centralbl. looh 
Polyt. Centralbl. 1857, 1151, 1471, 1639. 
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metals, by treating tlic mass first with cold, finally with boiling water. 

It is advisable to repeat the operation with the separated gold, and 
ultiuiatcly test the purity of the latter. 

y. The methods given in a and (i may be united, the cupelled 
and thinly-rolled metal may be first warmed with nitric acid of 1-2 
sp. gr-) thoroughly washed, the gold boiled fi minutes with con- 
centrated sulphuric acid, washed again, and ignited (MasCazzixi, 
Bl'Gatti). 

h PLATINUM! FROM MeTALS OF GllOUPS IV. ANl> V., IN AlLOYS. 

Tlie separation is eifected by treating with sulphuric acid, or, better 165 
still, with bisulphate of jxit^issji (164, ft ) ; hut not with nitric acid, as 
platinum in alloys will, under certain circumsUnces, dissolve in that 
acid. 


2. Method based upon the Separation of Gold in the metallic state. 

Gold from all Oxides of Groups 1. — V., with the exception of 
Oxide of Lead and Oxide of Silver. 

Precipitate the hydrochloric acid solution with oxalic acid as di- 166 
rected § 123, y, or with snljdiate of iron, § 123, b, a, and filter off 
the gold wlien it has completely separated. Take care to add a siifii- 
cient (piantity of hydrochloric acid to ])revent oxalates insoluble in 
water precipitating along with tlie gold, for want of a solvent. 

3. Method based upon the Precipitation of Platinum as Potassio- 

or Ammonia-bichloride of Platinum. 

Platinum from the Oxides of Groups IV. and V., with the 
exception of Lead and Silver. 

Precipitote the platinum with cldorldc of potassium or chloride of 167 
ammonium as directed § 121, and wash the precipitate thorougldy 
with spirit of wine. The platinum prepared from the preci})itated 
•mnmonium or potassium salt is to be tested after being weighed, to sec 
'vlietlicr it yields any metal (especially iron) to fusing bisulphatc 

potassa. 


4. Methods based upon the Separation of Oxides insoluble in Altric 
Acid. 

«• TiNigteoM Metals of Groups IV. and V. (not from Bismuth, 
or Manganese*) in Alloys. 

Treat the finely divided alloy, or the metallic powder obtained by 168 
reducing the oxides in a stream of hydrogen with nitric acid, as directed 
1, a. The filtrate contains the other metals as nitrates. As 
’'Uoxido of tin is liable to retain traces of copper and lead, you must, 

? ‘rn accurate analysis, test an aliquot part of it for these bodies, and 
^termine their amount as directed § 163, ft- 

buuNNER recommends the following course of proceeding, by which 

of containa bismuth or manganese, there remains with the binoxide 

K bismuth or sosquioxide of manganese, which cannot be ex- 

^hvavH fli contains iron, on the contrary, some binoxide of tin 

" ’ • Bepiirated even by repeated evaporation 


Ways difiRolves with the iron, and cannot be 
' Pugg. Annal. cxii. 1C9, 170, 172). 
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tbo presence of copper in tlie tin may be elTeetively guarded against. 
Dissolve the alloy in a mixture of 1 part of nitric acid, 4 parts of 
liydroehloric acid, ami 5 parts of water ; dilute the solution largtdy Avipi 
water, and heat gcnitly. Add crystals of carbonate of soda until a dis- 
tinct precipitate has formed, and boil. (In presence of cojjjier, th (3 
pnH'Ijfitate nuist, in this operation, cliange from its original bluish- 
green to a brown or black tint.) When the fluid has Ijcen in ebul- 
lition some 10 or 15 minutes, allow it to cool, and then add nitric 
acid, drop by drop, until the re.actiou is distinctly acid; digest the, 
precij)ibite for several hours, wlu'u it should have acapiired a lam; 
wliite color. The binoxide of tin thus obtained is free from copper; 
but it may contain some iron, which can be removed as directed in 

163 , . . . 

Before the binoxide of tin can l>e considered pure, it must lx* tested 
also for silicic aci<h as it freepicntly retains traces of this sul>staiiee. 

To this end, an aliquot part is fused with 3 — 4 juirts oi’ carbonate of 
soda and potassa, the fused mass boiled with water, and tlie soliilioti 
filtered; bydroeldorie acid is tlicn added to tbc tiltrate, and, should 
silicic acid separate, the Iluid is filtcnxl otf from this substaneo. The 
tin is then ])recipitat('d hy sulphuretted hydrogen, and the silicic acid 
still remaining in the filtrate is determined in the usual way (§ 110). 

If liydroehloric acid has produce*! a precipitate of silicic acid, the last 
filtration is effected on the same filter (Kiiittkl*), 


h. Antimony from the Met.vls of Groups IV^. and V. in Alloys. 

Procc'cd as in u, filter off the precipitate, and convert it by igni- 
tion into antimoiiiato of teroxidc of antimony (§ 125, 2). llesults 
only approximative, as a little teroxide of antimony dissolves. Alloys 
of antimony and lead, containing the former metal in exci'ss, should 
l>o ]>reviousIy fused wdtli a weiglicd quantity of jiure lead (V.umEN- 
trarr|). 


5. Methoih on the Precipitotion of Binoxide of Tin hj 

Neutral Salts (e.g., Sulphate of Soda) or bij Snlphnne 
Acid. 


Tin from the Oxides of Giiour.s I., lb, HI.; also from Prot- 
oxide OF Manganese, Oxide of Zinc, Protoxides of Nickel and 
Cohalt, Oxide of CoruKu (Teroxide of Gold). 

Precipitate the liydrocldoric acid solution, wliieh must coiitA the 169 
tin entirely as binoxide (bicliloride), according to § 12 ( 1 , \yb, l>y niti'Rt^ 
ot‘ ammonia or sulphate of soda (L()\vkntual), or by sulphuric acid, 
wliich, II. Ko.SE says, aiLswcrs ccpially well. Alloys are treated as 
follows: — First, oxidize by digc.stion with nitric acid; wlieii no inoiD 
action takes ])lace, evajiorato the greater portion of the nitric acid m a 
porcelain dhsh, moisten the mass witli strong hydrochloi-ic acid, and 
after lialf an hour add water, in which tlie iiietachloride of tin ami the 
other chlorides dissolve. Alloys of tin and gold are dissolved in aqua 
regia, the excess of acid evaporated, and the solution diluted with 
mucli water, before j)reci|,itating with suljdmric acid. 

It must be renicmliered that in tliis process any phosphoric aci 


t Dinglor’a polyt. Journ. 1C 8, 31(5. 


Cheni. Centralbl. 1857, 929. 
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1 t rnav be proscnt is precipitated entirely or iiartially witli tbc bin- 
' ‘ lo of tin. Alb;r the precipitiite has boon well washed by dccanta- 
T reconiinend.s to boil witli a inixtiire ol 1 part nitric 
"-'r l-’^) ‘J parts water, then to transfer to the lilter, and 
""‘t, thorou'dily. Ilcsults very satisfaittory. If the Iluid contains 
iiSrof Ln, a portion the latter alway.s falls down with 
il . tin Hence the hinoxide of tin must lie tested for non ae- 
corilins to 163, 0> ttiiJ if present, its amount must be dotermmcd and 
Joluctcd. 

6 , Mef/ind ha^eA on tie InwhihiUty of Sulphide of Mercury in 
J I l/di ’(} ch lone Acid. 

Mercury from Antimony. 

Diacst the prcciiiitated sulphides with moderately strong hydro- 170 
dilorlc acid in a distilling apparatus. The sulphide ol an tiinony 
ais^olves, wliilo tlio Kiiliiliide of mercury rciijaina beliiiKl. b-vpa 
the hydrosnlphnric acid, then add tartaric acid, dilute, hltcr, mix the 
filtrate with the distillate which contains a little antimony, and I'lc- 
riliitato with suliihiiretted hyilrogen. The sulphide of mercury may 
be weighed as such (F. Field*). 

7, Methods based vpon the r/ 

into Alkaline Arsenade and Antimoniaic. 

a. Arsenic fko.m the Met.vls and O.vides ok (litotirs II., IV., 

.IM, V. 

If you have to do with arsenites or arseniates, fuse with fl parts 171 
of Ciirbonate of soda and ])Otassa and 1 part ol nitrateol potassa, i an 
iilloy has to he analysed it is fused with 3 i)arts ot earhonate ‘ 

a,ul 3 parts of nitrate of l)otasi.i. In eitluT case the iTsidue is bmlcd 
with water, and tlie solution, which contains the arseniates ot t he 
alkiilics, filtered from tlie iindissolv(‘d oxides f 
arsenic acid is determined in the liltrate as directeil ^ , • 

quantity of arsenic is only small, the lusion may )0 ( tc e( 
platinum crucible; but if more considerable, the jm^ess miis . ^c 
conducted in a porcelain crucible, as platinum would be 
affected by it. In the latter case, bear in inmd that 
h contaminated with silicic acid and alumina. It 
uiueh arsenic a small (piantity may be readily lost ‘ 

even though tlie oiieration be cautiously conducted. In sue i » - - , 

dicreforc, it is better lirst to oxidize with nitric acid, then to eya - 
nite, and to fuse the residue as above directed with carbonate 
‘lad nitrate of potassa. 

b. Arsenic and Antimony from Coiter and Iron, especially in 
ares containing sulphur. 

Oiffuse the very finely pulverize.1 minenil through pure sol.yon of 172 
potassa, and conduct chlorine into the fluid (comp. p. d , ’ j* 

^ron and copjier separato as oxides, the solution con ^ ‘ xx’ 

‘^rseniate, and antimoniate of potassa (Kivot, BEUDANT,and DaguinT). 

* Quart. Journ. Cliero. Soc. 12, 32. 
t Compt. rend. 1853, 835 ; Journ. f. prakt. them. 61, Ui. 



m 


SEPARATION. 


[§ let. 

c . Arsenic and Antimony from Cobalt and Nickel. 

Dilute the nitric acid solution with water, add a large excess of 273 
potassii, heat gently, and conduct chlorine into the fluid until tlie pre- 
cipitate is black. The solution contains the whole of the arsenic and 
antimony, the precipitate the nickel and cobalt, in form of ses(piioxide 
(Rivot, Beudant, and Daguin, loo. cit.). 

8. Methods based upon the Volatilitu of certain Chloi ides or 
Metals. 

a . Tin, Antimony, Arsenic from Copper, Silver, Lead, Cohalt, 
Nickel. 

Treat the sulphides with a stream of chlorine, proceeding exactly as 174 
directed in 154 - In presence of antimony, fill the tubes K and F 
(tig. H I) with a solution of Uirtaric acid in -water, mixed Avitli hydro- 
chloric acid. The nuitals may be jdso sejiarated by this motlpKl in 
alloys. The alloy must be* very finely divided. Arsenical alloys 
are only very slowly decomposed in tins way. If tin and coppen- arc 
sep.'irat(id in tins manner, according to the experience of H. 1v0.se,* a 
small trace of tin remains with the chloride of copper. 

b. Binoxide of Tin, Teroxide of Antimony (and also Anti- 
MONic Acid), Arsenioils, and Arsenic Acids, from Alkalies .\m) 
Alkaline Earths. 

Mix the solid compound witli 5 parts of pure chloride of aminoiiiuin 175 
ill powder, in a ])orcelain crucildc, cover this with a concave platimiiii 
lid, on which some chloride of ammonium is s]>rinkled, and ignite 
gent ly until all chloride of ammonium is driven oil’; mix the contents 
of the crucible with a fresh portion of that sidt, and rej)eat the operation 
until the weight remains constant. In this jirocess, the chlorides of tin, 
antimony, and arsenic, escape, leaving the chlorides of the alkaline and 
alkaline earthy meUds. The decomposition proceeds mo.st ra})idl}' M’ith 
alkaline sidt.s. With regard to alkaline /^nrthy salts it is to be oliscrvcd 
that tho.se which conUiiii antimonie acid or liinoxide of tin are gene- 
rally decomposed completely by a doulilo ignition with chloride of 
ammonium (mague.sia alone cannot be separated perfectly from anti- 
monic acid by this method). The alkaline earthy arseniates are the 
most troublesome ; the baryta, .strontia, and lime sidts usually require 
to 1x3 subjected 5 times to the operation, Viefore they are free from 
arsenic, and the arsoniatc of magnesia it is impossible thoroughly to 
decompose in this way (II. KosEf). 

c . Mercury from Gold (Silver, and generally from the NoxN- 
volatile Mktal.s). 

Heat the weighed alloy in a porcelain crucible, ignite till the weight 176 
is constant, and determine the mercury from the loss. If it isdesircc 
to estimaUi it directly, the aiiparatus, lig. 0(1, p., 220, may be used, lu 
ea.ses where the separation of mercury I’rom metals that oxidme on 
ignition in the air is to be efl’ecte<l l)y this method, the operation must 

be conducted in an atmosphere of hydrogen (p. 175, fig. 01). 

* Pogg- Armal. 112, 109. t Ibid. 73, 582 ; 74, 578 ; 112, 
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9. Methods hosed on the Volatility of Sulphide of Arsenic. 

Arsenic Acid from tiik Oxides of Maxoanf.se, Iiidn, Zinc, 

Lead, Copper, Nickel, Cobalt (not of Silver, Aluminum, or 

)I AGNESI UM). 

Mix the arsenic acid compound (no matter whether it hts ])een air- 177 
dried or gently ignited) with sulphur, and ignite under a good draught 
in an atmosjdiere of hydrogen (p. 175, fig. 61 ; the perforated lid 
must in this case be of porcelain; platinum would not answer). 

The whole of the arsenic volatilizes, the sulphides of manganese, iron, 
ziiie, lead, and copjier remain behind ; tlicy may be weighed^ dircetl}'. 

After weighing, add a fresh quantity of sulphur to the residue, ignite 
as before, and weigh again ; repeat this oj)eration until the weight 
remains constant. Usually, if the compound was intimately mixed 
ivith the sulphur, tlie conversion of the arseiiiate into suljdiidc is 
complete after the first ignition. Results very good. 

Ill separating nickel the analyst will remember that the residue 
cannot 1)C weighed directly, since it does not jiossess a constant eoin- 
position ; hence the ignition in liydrogen may be saved ; arseniate of 
nickel loses all its arsenic on being simply mixed with siilplmr and 
lienled.. The heat should be moderate and continued, till no more 
red sulphide of arsenic is visible on the inside of the })oreolain 
crucible. It is advisable to repeat the operation. The separation of 
arsenic from cobalt cannot be completely clfected in this manner even 
by repeated treatment with sulphur, l)ut it can be effected by oxidiz- 
ing the residue with nitric acid, eva])oratiiig to dryncs-'^, mixing with 
siilpijiir, and re-iguitiug. Smaltine and cobaltine must he treated in 
tlie sanio manner (II. Rose*). I should not forget to rncutiou that 
a long while ago, noticed the separation of arsenic acid from 
scsipiioxide of iron by ignition iu a stream of sulpihurctted hydrogen. 

10. Method based upon the Separatum of Arsenic a.s Arseniate of 
Suboxide of Mercury. 

Arsenic Acid from the Alkalies, Alkaline Rartiis, Oxide or 
2i. VC, Protoxide of Cobalt, Protoxide of Nickel, Oxide of Lead, 

OviDE OF Copper, Oxide of Cadmium. 

Proceed exactly as in the separation of jthosphoric acid by mercury 178 
(5 b, y), Tire arsenic acitl cannot be determined in the iii- 
solublo residue in the way iu which the jdiosphoric acid is determined. 

is desired to estimate it directly, and not from the loss, one ot the 
^Tothods given in this § mii-st be used to separate it from the suboxide 
oliiiercury. Treat the filtrate as directed § 165, k (11. Rusk). 

11. Afethod based upon the Separation of Arsenic as Arseniate of 
Afaynesia and Ainmonia. 

-^ksenic Acid from Oxide of Copper, Oxide of Cadmium, Ses- 
^I'oxiDE OF Iron, Protoxide of Manuanese, Protoxide of Nickel, 
^'ioi'oxiDE OF Cobalt, Alumina. 

the hydrochloric acid solution, which must contain the whole 179 
Rrsenio iu the form of arsenic acid, with enough tartaric acid to 

* Zeitsclirift f. anal. Chem. 1, 413. 
t Auiial. do Cliiin. ot do Ph}'8. (3) xxv. 98. 
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prevent precipitation by ammonia, precipitate the arsenic acid accord, 
ing to § 127, 2, as arseiiiate of magnesia and ammoina, allow to .settle^ 
tiltor, wash once with a mixture of 3 parts water and 1 part amnuaii:)^ 
rcdissolve in liydroehloric acid, add a very niiniite (piantily of tar- 
taric acid, snpoisjitnrate again with amnionhi, allow to dc'posit, and 
determine the now pure precipitate according to § 127, 2. hi tlio 
nitrate the bases of Cron]>s IV. and V. may be precipitated by sulpliida 
ofammonimn; if aliuniiia is jwesent, evjiporato the solution filtcnjd 
from tlie snlphidcs with addition of carl)onate of soda and a little 
nitre to dryness, fuse, and estimate the aluminii in the residue. The 
metliod is more adapted to the separation of ratlier large than of way 
small quantities of arsenic from the above named oxides, siiitH; in the 
case of small quantities tlie minute portions of arseniate of niagncsia 
and ammonia that remain in solution may exercise a conslJerublo 
inlluence on the accuracy of the result. 

12. Method hosed upon the Separation of Arsenic as Arsotio- 
laolijbdate of xininionia, 

AnsENic Acid from .\ll Oxidk.s of Groups I. — V. 

Separate the arsenic acid as directed in § 127, 2, h; long continued 180 
hanting at lOt)'’ is indis|)ensablc. The determination of tlie lia.scs is 
most conveniently elfected in a spccijil portion (comp. § 136, /). 

13. Method based upon the Insolubility (f xirseniate of Sesipii- 
OJL'ide of Iron. 

Arsenic Acid from the Bases of Grofps I. and 11., and eiiom 
Oxide of Zinc, and the PianoMDES of M.vnganese, Nickel, and 
CoiiAi/r. 

Precipitate the ar.senic acid, according to circuinstances, as directed 181 
§ 127, 3, a or b^ filter, and determine the ba.ses in the filtrate. 

14. Methods based upon the Insolubility of some Chlorides. 

a . Silver from Gold. 

Treat the alloy xvith cold dilute nitrohydroeddoric acid, dilute, and 182 
filter the solution of the terchloride of gold fh>m the undissolved 
chloride of silver. This method is ap[>lical)Ie only if the alloy contains 
less than 15 per cent, of silver; for if it contains a larger ])ro[)oi‘tK>ii, 
the chloride of silver which forms protects the undecomposed pait 
from the action of the aci<l. lii thesiime way silver may be separatee 
also from platinum. 

b . Oxide of Mercury from the Oxygen Compounds of Arsenic 
AND Antimony. 

Precipitate the mercury from the hydrochloric solution hy RR'an^ 
of jiho.sphorous acid as subcliloride (§ 1 IH, 2, a). The tartaric acu^ 
wliich in the jireseiico of antimony must be added, does not intci eic 
with the reaction (11. liosE*). 

* Pogg. Annal. 110, 536. 
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15. Methods based apon the Insolubility of certain Suljdiates in 
Water or Spirit of Wine, 

a , Arsenic Acid from Baryta, Strontia, Lime, and Oxide of 

Lead. 

Proceed us for the separation of pliosphoric acid from tlie s;imc 184 
oxi(le.s (§ 135, b). The comjHjuiuls of these bases witli aDseiiioiis acid 
;iie first converted into ar.scniates, before the sulphuric acid is adde<l ; 
tills conversion is effected by heathig the hydrochloric acid solution 
cliloratc of potassa. 

h . Antimony from Lead. 

Treat the alloy with a mixture of nitric and tartaric acids. The 185 
dilution of both metals takes pltice rajmlly and with ease. Precipitate 
tlic greater part of the lead as sulphate (§ lid, d), filter, precipitate 
with sulphuretted hydropn,and treat the .sul|)liides according to 163 » 
with sulphide of ammonium, in onler to separate the aniiimony from 
the lead left unju’ccipitated by the sulphuric acid (A. StrenUi*). 

IG. Method based upon the. Separation of Copper as Snliodide. 

CoiTEU FROM Arsen [C and Antimony. 

Dissolve in nitric or sulphuric acid, taking care to add the acid only 186 
slightly in excess, dilute with water, or, in ])resencG of antimony, with 
watiT containing tartaric acid, and preeijutate the co])per as in 129 - 
Arsenic and antimony remain in solution (Flajolot). Pesults ap- 

lii'oxiinalc. 

17. Method based upon the Separation of Copper as Oxalate. 

Coi'l'ER FROM Ar.SEN1C. 

Add to the nitric acid solution ammonia until the hlne precipitate 187 
Drilled remains undissolved, then etfoct solution by an excess of 
|JXcilute of ammonia. Add, cautiously, hyalrocbloric or uitric acid to 
reaction, and allow the mixture to stand. The co|)j>or separates 
‘‘ ■'lost Completely as oxalate, which is then converted by ignition in 
I'Sriii into oxide. Add ammonia to the liltrate, and jirccipitate with 
‘‘ E'w drops of sulphide of ammonium the minute trace of copper still 
^^’taincdiu solution (F. FikedI). 

13 . Method based upon the different deportment with Cyanide of 
d^otassiuni. 

from Lead and Bismuth. 

^^hals may be separated in solution by cyanide of potassium 188 
m ^ 'Way in wliich the separation of mercury from load and 
gold^^ ^‘llhcted (see 141 ). The solution of the double cyanide of 

niter P^l^^ssium is decomposed by boiling with aqua regia, and, 

of ft hydrocyanic acid, the gold determined by one 

^^'^^«^iethodagiyeniii§123 

^ing. polyt. Journ. 151, 380. 


t Chem. Gaz. 1857, 313. 
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II. Sepahation of the Oxides of the Sixth Group from each 

. OTHER. 

§165. 

Index : — The Nos. refer to those in the margin. 

Platinum from gold, 189, 203, 204. 

,, tin, antimony, and arsenic, 190. 

Gold from platinum, 189, 203, 204. 

„ tin, 190, 202. 

„ antimony and arsenic, 190. 

Tin from platinum, 190. 

„ gold, 169, 190, 202. 

„ arsenic, 191, 197, 198, 200, 201, 205, 20G, 

,, antimony, 193, 199, 201, 20.5. 

Protoxide of tin from the hinoxide, 209. 

Antimony from platinum and gold, 190. 

„ arsenic, 192, 193, 194, 195, 198. 

„ tin, 193, 199, 201, 205. 

Teroxide of antimony from antirnonic acid, 208. 

Arsenic from platinum and gold, 190. 

„ tin, 191, 197, 198, 200, 201, 205, 206. 

,, antimony, 192, 193, 194, 195, 198. 

Ar.seniou8 acid from arsenic acid, 196, 207. 

1. Method Iximl upon the Preeijntation of Platintnnci^ Potasm- 

h {chloride of J* loti nit in. 

Peatinum from Gold. 

I Vocdpitiite from the solution of the chlorides the plratinnm ns dirociod 18! 

§ 121, b, and deteriuine the gold in tlie filtrate as directed § 123, b. 

2. Method haml upon the Volatiiitij of the Chlorides of the in- 

ferior Metals. 

Platinum and Gold from Tin, Antimony, and Arsenic. 

Heat the finely divided alloy or tlie sulphide's iu a stream of ohloriiin 19 
gas. Gold and platinum are left, tlio dilorides of tlie otlier iiiclals 
volatilize (coinjiare 54)* 

3. Methods based upon the Volatility of Arsenic and Tersidpludc 

of A rsenic. 

a. Arsenic from Tin (II. Hose). 

Convert into HuljdiideH or into oxides, dry at 100°, and licnt a 19l 
weighed portion with addition of a little snlplmr in a bulb-tube, gonj ) 
at finst, hut gradually more strongly, conducting a stream of 1 1) 
Hulphurctted hydrogen ga.s tlirougli tlie tube during the operation. 
Sulphur and tersulphide of arsenic volatilize, sulphiile of tin 
The tersulpliide of arsenic is received in U-tubes containing di nte 
ammonia, which are connected with the liulb-tube, in the niannei 
described in 154* When upon continued ajijilicatioii of heat no sign 
of further sublimation is observed in the colder part ol the bnlb-tn a , 
drive off the sublimate which has collected in the bulb, allow the tii 
to cool, and then cut it off above the coating. Divide the sepman^ 
portion of the tube into jiicccs, and heat these with a little ^ 

soda until the sublimate is dissolved ; unite the solution 
aiiiinouiucal fluid iu the receiver, add hydrochloric acid, then, wi aj 
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tirin'^, clilorate of potassa, and heat gently until the tersulphide of 
completely dissolved. Filter from the sulphur, and deter- 
inc the arsenic as directed § 127, 2. The quantity of tin cannot be 
,l, iil:itcd at once irom the blackish-brown sul])hide of tin in the 
all) siiKiC this contains more sulphur than corresponds to tlie formula 
ti S. h is therefore weighed, and the tin determined in a weighed 
Dition of it, by converting it into binoxide, which is effected by 
loistoning with nitric acid, and roasting (§ 12G, 1, c). 

Till and arsenic in alloys arc more conveniently converted into 
hy cautious treatment with nitric acid. If, however, it is wished 
) convert them into sulphides, this may readily be effected by heating 
part oftlie finely divided alloy with 5 parts of carbonate of soda, ami 
parts of snlplmr, in a covered porcelain crucible, until the mass is in 
state of calm fusion. It is then dissolved in water, the solution 
Itcred from the sulp)hide of iron, A:c., which may j)ossibly have 
)riiu:d, and the filtrate precipitated with hydrochloric acid. 

Iftlic tin only in the alloy is to be estimated directly, while the arsenic 
B to be found from the difference, convert as above directed into svil- 
iliiiks or oxides, mix Avith suljdiur and ignite in a porcelain crucible 
I’iili perforated cover in a str(‘am of sidphuretted hydrogen. The 
tesiiliial arsiaiic-frcc protosulphide of tin is to be converted into binoxide 
iiid weighed as such. 


i, Aksenic from Antimony in Alloys. 


Heat a Avidghed portion of the finely divided alloy Avith 2 parts of 192 
5avl)onate of soda and 2 jnirts of cyanidi; of potassium in a bulb-tube, 
lliroiigli wliieli dry carbonic acid is transmitted ; ap)i>ly a gentle lieut 
tt {list, l)ut iucrca.se ibis gradually to a high degree of intensity, and 
:oiiliiiuo heating until no more arsenic volatilizes. (Take care not to 
^kial(;thc escn[)ing ful^os; the sid'est Avay is to insert the bind ])art of 
liiilh-tubo into a flask, in Avhidli the arsenic Avill condense.) Allow 
iif; bulb-tube to cool ; atler cooling, treat the contents, first Avitli a 
of equal parts of spirit of Avine and Avater, tlum Avith Avater, 

|!iii Weigh the residuary antimony. The cpiantity of the arsenic is 
from the loss. Tliis imdhod gives only approximate results, 
desired to fuse the alloy per sc (not under a slag) in a stream 
c (‘.uboriie acid, the heat must be apjdied Avitli great caution, otlier- 
antimony Avill volatilize to a large extent. 11. Hose recommemls 
klter process. 


^[eihods b<md upon the iimduhilitji of Antimoniaie of Soda. 
Antisiony from Tin and Arsenic (H. Rose). 

iii '^^^^^stanco is mctidlic, oxidize the finely divided weighed sample, 193 
crucible, Avitli nitric acid of T l sp. gr., adding the acid 
cible* ■ mass on the Avater-bath, transfer to a silver crii- 

erirq last jiarticles adhering to the porcelain into the silver 

^ solution of soda, dry again, adtl eight times the bidk of 
of solid hydrate of soda, and fuse for some time. AIIoav the 
hot Avater until the undissolvod 
''ator ^ f^ko ajipcaranco of a fine poAvder ; dilute Avith some 

tljg one third the volume of alcohol of 0*8dsp. gr. AUoav 

stand for 24 hours, Avith freipieut stirring ; then filter, 
the last adhering particles from the crucible to the filter by 
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rinsing with dilute spirit of wine (1 vol. alcohol to H vol. wator), aiKl 
wash the imdissolved residue on the liltcr, first with spirit oC ^vine 
containing 1 vol. alcohol to 2 vol. water, then with a inixtiiio of ((|ual 
volumes of alcohol and Avatcr, and finally with a mixturii oi' ,‘5 y(,i 
alcohol and 1 vol. Avater. Add to each of the alcoholic lliiids used 
for washing a few drops of solution of carhoiiatc of soda. ContiinHj 
the washing until the color of a portion of the fluid rinmlng olf 
iriains uiudtcrcd u})Ou being acidified Avith hydrochloric acid and 
mixed Avith sulphuretted hydrogen AvaUa*. 

Kinsc the antimoniatc of soda (rom the filter, Avash the latter ^vitli 
a mixture of hydrochloric and tiirtaric acids, dissolve the antiinoniato 
in this mixture, ])rcci])itate Avith sulphuretted hydrogen, and detciiiilue 
the antimony as directed § 125, 1. 

To the filtrate, Avhich contains the tin and arsenic, add hydrocliluric 
acid, Avhich produces a prccipitiite of arseniate of hlnoxide of tin; con- 
duct noAV into the unfiltered fluid sulphuretted hydrogen for some 
tiTiie, alloAV the mixture to stand at rest until the odor of that gas has 
almost completely gone off, and sepai’ate the Aveighed snljhidiis ol tlie 
met<ds Avhich contain free sulphur, as in 191- 

If the suhstance contains only antiuio/ti/ and arsenic, the alcoliolic 
filtrate is heated, Avith repeated addition of Avater, until it scamiY 
retiiins the odor of* alcohol; hydrochloric acid is then added, and 
the arsenic acid determined as arseniate of magnesia and aiiinioiiia 

127, 2). 

b. Small quantiti(‘s of the sulphides of arsenics and antimony mixed 
Avith sul])liur are often obtained in mineral analysis, d'he two metals 
may in this case be conAamiently se)»arated as IoHoavh : — oxidize the 
precipitat<5 Avith chlorine-free red fuming nitric acid, cva[)orate die 
solution nearly to dryness ; mix the residue Avith ^co]»ious exce.''^? el 
carbonate of soda, add some nitrate ol so<la, and treat the Inscd m.mN 
as given in a. If, on the other hand, you have a mixUn'c of 
sul[)hides of tin and antimony to analyse, oxidize it Avitli nitric acn 
of 1‘5 sp. gr., and treat the residue obUiined on evaporation as given 
ill a. 

c. Determination of the Sulimiide of Arsenic coNTMN’i^t) in 

THE COMMERCIAL SCLI'IIIDE OF AnTIMONY ( WaCK ENROUEI:). 

Deflagrate 2f) gnu. of the finely pulverized sulphide of aiitiint'ii) 19 
Avith lb gnn. nitrato of .soda and 2b gnu. carbonate ol soda, h) 
iecting the rnixtuia* gradually into a red-hot I le.ssian crucible, tu.i 
the .strongly ignited ma.ss n.-peatedly Avith Avater, filter the .soution, 
acidify tlie filtrate Avith hydrotdjloric aciil, treat Avith sulphurous -an ^ 
and precipitate the arsenic Avith snljdiuretbid^ hydrogen. 
moist precipitate, Avhich contiiins a small admixture of antiinon), 
(nirl)onate of ammonia, filter, acidify the filtrate, pass p 

hydrogen, and determine the arsenic as tersulphide as directed 5 - ’ 

5. Methods based upon the rrecipitation of Arsenic as Arseni 
of Matjnesia (ind Ammonia, 
a. Arsenic from Antimony. 

Oxidize the metals or Bulphides with nitrohydrochloric 
hydrochloric acid and chlorate of potassa, or with chlorine in 
solution (]L 840 , Ayh)\ add tartaric acid, a large quantity 0 c 1 v) 
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oninm and then amnioniji in excess. (Should the addition of the 
ttl- reagent produce a precipitate, this is a proof that an insufficient 
• iifity of chloride of auiinonium or of tiirtaric acid lias been used, 
lilch error must be corrected liefore proceeding with the analysis.) 
lieii precipitate the arsenic acid as directed § 127, 2, and determine 
e antimony in the fdtrate as directed in § 125, 1. As basic tartrate 
^ liiacriicsia might precipitate with the arseniato of magnesia and 
jinionia, the precipitate should always, after slight wasliing, be re- 
i^Holved in liydrocliloric acid, and the solution reprecipitated with 
„Aii excellent method. 

h . Ausenious Acid from Arsenic Acid. 

Mix the sufficiently dilute solution with a large quantity of chloride 196 
faiimionium, prcicipilate the arsenic aei<l as directed § 127, 2, and 
ctennine the arsenious acid in the filtrate by prceipitalion with sul- 
Inn’ettecl hydrogen (§ 127, 4). Lcdwio* has observed that if thc 
oliition is too concentrated, arsenite of magnesia falls down with the 
r.>( 3 niatc of inagiKJsia and ammonia, hemre it is necessary to dissolve 
he weiglied magnesia precipitate in hydrochloric aedd and test the 
Dliition with sniphuretted hydrogen. The prosenco of arsenious acid 
nil be hetrayed by the immediate formation of a precipitate. 

c . Binoxide of Tin from Arsenic Acid (LENssExf). 

The oxides obtained by oxidation with nitric acid are digested with 107 
iimiioiiia and yellow sulpliidc of ammonium, and the arsenic, precipi- 
ated from the clear solution according to § 127, 2, as arseuiate of 
KiMyriesia iind ammonia. On acidity ing the liltrato the tin separates 
is bisulphide. 


G. Methods based on the di/erent BeJuirior of the freshly Predpt- 
tated ^Sulphides towards Solution of Bisufjdtite of Potassa. 

Ausenio from Antimony and Tin (Bunsen|). 

h tfcslily precipiUit(Hl sulphide of arsenic, is digested with sul- 198 
phurous acid and sulphite of j)ot; issii, the ])rccij»itatc is ilissolved ; on 
^piling, the fluid becomes turl>id from separated sulj»hur, which tur- 
Hity for the most ]mrt disaiqioars again on long boiling. The fluid 
I ailer expulsiou of the sulphurous acid, arsenite and hypo- 
sulphite of potassa. 


; [Uss +8 


(K 0, 2 S 0,) = 2 (KO, As i\) + (5 (K 0, Sp J + S, + 7 S OJ 


le sulphides of antimony and tin do not exhibit tliis reaction. 

, ^ therefore may be separated from sulpbiile of arsenic by procipi- 
the solution of the three sulphides in sulphide of potassium 
f 1. 1 large excess of aqueous sulphurous acid, digesting theMdiolefbr 
'ne time in a water -bath, and then boiling till two-thirds of the xvater 
phid^ the sulphurous acid are oxjmlled. The residuary sul- 

e of antimony or tin is arsenic-free, the filtrate contains the whole 
and may be immediately precipitated with sulphuretted 
^tiNSEN determines the arsenic by oxidizing the dried 
P^i<e together with the filter with fnnilny nitric acid, diluting the 


* Archir fiir 


Pharm. 97, 2f, 


t Annal. d, Chein. u. Pharm. 114, 116. 
X Ibid. 106, 3. 
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solution a little, warming gerithj with a little chlorate of potassa (ia 
order to oxidize more iully the substiiiices formed Iroiii the papdj^ 
and tinally precipimting as arseniate of magnesia and ainniouia. 

With regard to the separation of sulphide of tin Iroiii tlio suliitioii 
ofarsenite of potassa it is to be observed, that the sulphide of tin 
must be washed with concentrated solution of chloride ol sodium, as, 
if water were used, the fluid would run through turbid. As soon .is 
the precipitate is tlioroughly washed with the chloride of sodium solu- 
tion, the latter is displaced by solution of acetate of aniinonia, con- 
taining a slight excess ol acetic acid. Those last washings must not 
be added to the first, as the acct^ite of ammonia hinders the complete 
precipitation of the arsenious acid by sulphuretted hydrogen. 

The test-analyses adduced by Bunsen show very satisiactory 
results. 


7. Methods based upon the Separation of the Metah 

as the ca.^e nuvj bey on the different Deportment of the sum 
with Acids. 

a. Tin from Antimony (Gay-Lussac). 

Heat a weighed j)ortion of the finely divided alloy (or other com- 199 
bination) with hydrocldoric acid, add chlorate of |)olassa in small 
portions until the mass is dissolved, and then divide the fluid into 1 
two equal parts, a and b. In a precipitate both metals on a zinc rod, 
rinse them off, and weigh; add to b a tolerably large aim)iint ol 
hydrochloric acid, introduce a clean slip of tin, and heat lor some 
time. By this process, the antimony is couqiletely thrown (1o^\ll in 
form of a black powder, and the bichh)ride ol tin redue(id to pioto- 
chloride. Wash the antimony off the tin with water coutaiiiiiig | 
hydrochloric acid, collect upon a weighed fdter, dry, ami i\eigi. 
The difference gives the quantity of tin. Levoi. advises to prc(‘i])itiite 
both metals from the .solution with zinc, then, alter taking out am 
rinsing the zinc, but without removing the chloride ol zinc, to 
with hydrochloric ac.id, and to weigh the residual antimony. 
tin is precipitjited from the filtrate by sulpliuretted hydrogen. 

h. Determination of Arsenic in Metallic Tin (Gav-Lussac )• 

Dis.solvc the laminated or granulated I metal in a mixture ol J | 'l' 
nitric acid and 9 eq. hydrochloric acid, with the aid ol a 
The 8(jlution en.sues without evolution of gas; 
and chloride of ammonium are formed, tlie ar.senic is left 
of powder. N + 9 11 G1 + 8 Sn - 8 Sn Cl -f N 1 1. Cl + 
nitrohydrochloric acid must, therefore, not be mseil in a much .Uo 
proportion than will give to 8 eq. metal 1 cq. N O^, and 9 eq. 1 


c. Much Tin from little Antimony and Arsenic. 

If an alloy of the three metjils is treated in a very finely 
condition in a stream of carbonic acid with strong hydroc ^ 
the whole of the tin dissolves to protochloride. A PjO 

arsenic and antimony escapes as arsenetted and antimonettci i) o 

* Annal. de Chiin. et de Phys. 23, 228 ; Jahrosber. von Liebig und M l . 

and 1848, &88. , , . , ^ 

t Prepared by pouring the fused metal into water. 
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v’hilst the rest remains behind in the state of metal, or, as the case may 
],c of a solid combination with hydrogen. Conduct the gas through 
several IJ-tubes, containing a little chlorine-free red fuming nitric 
yoid whereby the arscmic and antimony will be oxidized When the 
solution is effected, dilute the contents of the ffask with air-free water 
to a certain volume, mix, allow to settle and det(!rmine the tin in an 
aliquot part, either gravimetrically or volumetrically. Filter the 
rest of the fluid, wash the precipitate thoroughly, dry the filter with 
its contents in a porcelain crncible, add tlie contents of the U-tiibes, 
evaporate to dryness, and in the residue separ;4te the antimony ami 
, arsenic as directed 193. 

(I Tin from Gold. 

Gold may be separated from excess of tin by boiling the finely 202 
divided alloy with only slightly diluted suljthuric acid, to which hy- 
drochloric acid has been cautiously added. The tin dissolves as joroto- 
cliloride. Heat is applied till tlie sulphuric acid begins to volatilize 
copiously. Binoxide of tin is formed whicli dissolves in the concen- 
trated sulphuric acid, while the gold remains behind. On addition 
of much water, the binoxide of tin falls, mixed w'ith finely divided 
gold, in the form of a ])urplc-red precipitate. On warming with con- 
centrated sulphuric acid the Ijinoxide of tin finally redissolves, wdiile 
the gold is left pure (H. Bosk*). 

e. Platinum from Gold. 

The aqua regia solution is freed as far as possible from nitric acid 203 
hy evaporation with hydrochloric acid, and treated w'ith a solution of 
protochlorido of iron, the gold being determined as directed § 123, b. 

The platinum may be preci{)itated froiii the filtrate by suljiliuretted 
hydrogen according to § 124, c. 

8. Method based on the Extraction of Gold In/ Mercur//. 

Determination of the Gold in Platinum Ore. 

Treat the mineral for several hours with small quantities of pure 204 
boiling mercury, pouring off before adding a fresh portion, wash 
thoroughly with hot mercury, and distil off tlie whole of the mercury 
cautiously. The gold remains behind (Deville and Debrav). 

The residue should be testdcl. 

11. Method based upon the Precipitation oj some of the Metals as 
Sulphides bp Htjposulphite of Soda. 

Arsenic and Antimony from Tin. 

the solution with hydrochloric acid in excess, heat to boiling, 205 
add hyposulphite of soda until tlie prccipiuite appears no longer 
or yellow, but white, and the fluid looks opalescent, owing to 

® separation of sulphur. Arsenic and antimony aA completely 
Fecipitatcd, whilst the whole of the tin remains in solution (VoulI). 

arsenic alone is present in tlie prccipitjite, determine the met;il as 
§ ^27, 4; if antimony alone, as directed § 125, 1 *, if both 

^^Is are present, separate them according to the instructions of 

^ogg. Annal. 112, 172. t Annal. d. Chem. u. Pbarm. 96, 240. 
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193 or 195. The tin in the filtrate is estimated best as directed 
§126,c. 

Lenssen* apparently obtained good results by this method. 
my own experience 1 cannot speak very favora1)ly of it. As tin is 
also precipitated by hyposulphite in the absence of free hydrodiloric 
acid, the separation cannot be complete unless the liydroeliloric acid 
present, while preventing the precipitation of tin, docs not interfere 
with the precipitation of the antimony. 

10. Method hasted the Precipitation of Tin as Arsenintc of 

the Binoxide. 

Tin from Arsenic. 

E. TlAFFELYf has proposed the following method of dotonninlnfr 206 
both the tin and the arsenic in commercial staiinate of soda, which 
often Conklins a large admixture of arseniatc of soda. Mix a wcdglicd 
samjile with a known (piantity of arson iate of soda in excess, add nitric 
acid also in excess, boil, lilter olf tlie precipitate, which lias the coinpcsi- 
tion 2 Sn O^, As + 10 aep and wa.sli ; exjiel the water by ignilion, 
and weigh the residue, which consists of 2 Sn 0^, As (),. In the fil- 
trate determine the exce.ss of arsenic acid jis directed § 127, 2. Tlie 
amount of the binoxide of tin is found from the weight of tlu; |irt‘ci- 
pikite, tliat of the arsenic acid is obtained by adding the (jiiaiitity 
in the ])reci|)itate to the (piantity in the liltrate, and deducting the 
quantity added. 

11. Volumetric Methods. 

a. Ar.senious from Ar.senic Acid. 

Convert the whole of the arsenic in a portion of the sidistancc into 207 
ar.senic acid and (h.-termine the total amount of tliis as directed § 127, '2 : 
determine in another portioiiAhe arseiduus acid as directed in § 12(, 
5,(1, and cahmlate the ar.seiuc acid from the dill’erence. 

h. Tero.xide of Antimony from Antimonic Acid. 

Determine in a sanqile of the substance the total amount of tho 208 
antimony as directed § 125, I, in another portion that of the teroxido 
as directed § 125, d, and calculate tho antimonic acid from the 
dilference. 

c. Protoxide of Tin in Presence of Bin*)xide. 

In one portion of the substance convert the whole of the jn'otoxidc 209 
into binoxide by digestion with chlorine water or some other mcany 
and determino the total quantity of tin as directed § 12f>, h 
another portion, which, if ne(x*s.sa,ry, is to be di.s.solved in 
chloric acid in a stream of carbonic acid, determine the protoxii e 
according to § 126, 2. 

IL SEPARATION OF THE ACIDS FROM EACH OTllKlt. 

It must not bo forgotten that the following methods of sepauitmn 
proceed generally upon the assumption that the acids exist eithci 
the free state, or in combination with alkaline bases; compare the m 

• Annal. a. Chem. u. Pharm. 114, 118. + Pliil. Mag- *• 
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troductory remarks, p. .355. Where several acids arc to he dotor- 
mmoA in one and the same substance, we very often use a separate 
portion for each. The rnetliods liere giv(;ii do not enihrace every 
iiiiaginahle case, but only the most important cases, and those of most 
frequent occurrence. 

FIRST GROUP. 

ARSENIOUS acid ARSFNIC ACID CHROMIC ACID SULPlIL'llIC ACID 

phosphoric acid — RORACIC ACID OXALIC ACID^HYDROFLUOHIC ACID 

—SILICIC ACID — CARBONIC ACID. 

§ 166 . 

1. Arsenious Acid and Arsenic Acid from all other Acids. 

Precipitate the arsenic from #lic solution by means of siilpliuretted 210 
hydrogen (§ 127, 4, a or />), lilter, and determine tlie other acids in 
the filtrate. It must be remembered, that the tensnljdiidc of arsenics 
v.ill be obtained mixed with snlpluir if chromic acid, sescpiioxide of 
iron, or any other substances which decompose sul[)l'urettcd hvdro<gen 
are present. 

From vtliose acids which form soluble salts with magnesia, arsenic 
acid may ho separated also by i)rcci])itation as arseniatc of magnesia and 
ammonia as directed § 127, 2. 

2. Sui.PiuTRTc Acid from all the other Acids. 

n. From Arsenious, Arsenic, P/iospJioric, Poracic, Jfpflrojhtocic, 

Oxalic, and Carbonic Acids* 

Acidify the dilute solution strongly with hydrochloric acid, mix 211 
with chloride of barium, and filter the sulphate ol’ l)aryta from the 
solution, which eontains all the otlicr acids. Determine the sulphate 
‘'^'''uryta as directed § 132. 

h acids arc present with which b.aryta forms s;ilts insoluVde in water 
soluble in acids, the sulphate of baryta is apt to oarry down- with 
itsiudi sjilts, and thi.s is all the more liable to happen, the longer the 
I'i'ocipitate is allowed to settle. Tliis remark apiplies esj^ecially 
to tbo oxalate and tartrate of baryta and tlu^ l)aryta sidts of other 
org.inic acids (II. Kose). In such eases I wouhl recommend, after 
I'asuiig, to stop up the iicck of the fuimel, and digest the iirecipitatc 
J’D a solution of bicarbonate of soda, then to wasli with water, with 
again with water. In every ease, how- 
dhc'ct d Weighed sulphate of baryta must be tested as 

^Fjdrojluoric Acid in Insoluble Compounds. 

of sulphate of baryta and fluoride of calcium cannot 212 
by simple treatment with hydrochloric acid ; the iii- 
and contains, besides sulphate of baryt^i, siiljihato of lime 

ever barium. The object iu view may be attained, liow- 

ctrb following process : — Phise the substance with G ]mrts of 

potassa, and 2 jiarts of silicic acid ; allow the 
0 cool, treat with water, and add carbonate of ammonia to the 

^111 to the separation of sulphuric acid from selenic acid, comp, Wohl- 

d. Chem. u. Phanu. 114, 183). 

1.' jj' 
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K 1C6. 

solution obtained ; filter, wash the separated silicic acid with dihite 
solution ot* carbonate of ammonia, supersaturate the filtrate with liydro- 
chloric acid, and j)rccipitute with chloride of barium. 

If you wish to determine the lluorine also, acidily with nitric acid 
precipitate with nitrate of baryta, then saturate with carbonate oCsodii 
and precipitate the fluoride of barium by spirit of wine. Wash a ]i)ii(r 
time, first with spirit of wine of 50 per cent., tlien with stroiin; alcohol- 
dry, ignite, and weigh. The insoluble residue left u])on treat, in|r ^vith 
water contains the bary^ and lime. Dissolve in hydrochloric acid 
separate tlie silicic acfl| and determine the bases as directed § 151 
(H. Rose). 

0 . In presence of a forge proportion of Chromic Arid. 

Keduco the chromic acid by boiling the dry com])()uiid with con- 2b 
centrated hydrochloric acid (if this procesll is conducted a Her ]). 2(1(1, 
it gives, at the sjime time, the (piantity of tlie chromic acid); dilute 
the solution largidy, and j>recipitate, first the sulphuric acid by adding 
chloride of barium in slight excess, then th(* excess of baryta by sul- 
phuric a(;id, and lastly the sesquioxide of chromium by ainiuuiiia. 

(/. From llgdrojlnosilicic Acid. 

Precipitate the ]iydrofluosilici(; acid us directed § 133, then the sub 2b 
phuric acid in the liltrat(j l>y baryta. 


3. Piiospiioiiic Acid from the other Acids. 

n. Fn||n tlie acids of arsenic^ see 210 ) fbom sulphuric acid, see 211 

211 . • 

h. From Chromic Acid. 

Precipitate the jdiosjdioric acid as jdiosphate of magnesia and 
ammonia (§ 131, />). Dcitermin^ the chromic acid in the filtrate as 
directed § 130, o, /I, h, c, or d. 

c. From lioracic Acid, 

Precipitate the phos])horic aidid with a solution of chloride of mag- 21 
nesium and chloride of ammonium, and determine it as jtyro])hos]>li;ite 
of magnesia (§ 131, h). Determine the boracic acid in the filtrate as 
directed § 130, 1., c. 


d. From Oxalic Acid. 

a. If the two acids are to be determined in one portion, tlie aqueous 21 

solution is mixed with sodio-terchloride of gold in excess, heat applied, 

and the quantity of oxalic uci<l present calculated from that of the 
reduced gold (§ 137, c, a). The gold added in exeess is soparato 
from the filtrate by means of suljdiurcttcd hydrogen, and the phos- 
phoric aeid then precipitated by sulphate of magnesia. If the com- 
pound is insoluble in water, hydrochloric acid is used as suJveiit, am 
the process conducted as directed § 137, c, ft. . i m 

i3. If there is enough of the subsUincc, the oxalic acid is 
in one portion according to the directions of § 137, b or d, am 
phosphoric acid in another portion. If the snhstanco is sohihio 
water, and the quantity of oxalic acid ineonsiiierablo, the jihosphoru^ 
acid may bo jirecipitated at once with sulphate of magnesia, ^ ^ 
of ammonium, and ammonia: if not, the substuHce is ignited 
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ciirlwiiate of soda and potasaa, wliicli destroys the oxalic acid, and the 
pliosplioric acid is determined in the residue. 

(>. Phosphates from Fluorides, 
a. The substance is soluble in water. 

aa. If tlie substance contains arelaticehj quantity of fluo- 219 
rinc, wliicli will permit the estimation of the latter from the 
difference, precii)itato the solution with exclusion of air by 
chloride of calcium with addition of lime-water to alkaline 
reaction, allow to deposit, <lccant through lAlter, wash the pre- 
cipitate, dry, ignite, and weigh. It consists of phosphate of lime 
and fluoride of calcium. Heat an aliquot part in a platinum 
vessel, with sulphuric acid, until all the fluorine has escaped as 
hydrofluoric acid, taking care not to raise the heat to a degree at 
which sulphuric acid volatili/a^s ; then determine the lime and 
the phosphoric acid as directed § Idn, b, Ry deducting the 
phosphoric acid and lime from the total weight of tho preeijritate, 

tlic fluorine is found by the following ])rop(.)rtion : 

The eq. of fluorine less the c(p of oxygen: the eq. of fluorine 

tlie difler(!nc(! found : the fluorine sought. 

The fluonne niay be determined directly in another aliquot 
part, by fusing it with acid pyrojdiosphate of .soda, and calcu- 
lating the fluorine by comparing the actual loss of weiglit with 
that which the pyrophosjthate would have sufliwed if i-uiited 
nlono. 2 (NaO, 110, POJ + Ca FI ^ NaO, 1>() + KaikSaif 
PO^ + HFl+'JIO. ® ^ 

hb.^ If the substance contains a relaflrehi small projwtion of 220 
miorine, mix the solution with })asic nitrate of suboxide of 
mercury. A yellow })reci])it:itc of basic ])hosphate of snl)oxide 
of mercury is produced, tlie fluoride of mercury remaining in 
solution. Determine the pbosjhoric acid in tin' precipitate as 
|lmected § Id 1, ^ (p. 271). Neutralize tlie filtrate with car- 

joiiato of soda, conduct sulphuretted hydrogen into the unfiltered 
mii(l, then filter, and determine tho fluorine as diia'ctcd $ 138, 1 
(11. host;). ^ ' 

'I he substance is not soluble in watery but decomposable hu acids 
ho'/-, apatite, bone-ash). 

llLssoIve in hydrochloric acid, evaporate with suljdiuric acid, as in 221 
resid 1 is completely expelled, and determine in the 

mie tee phosidioric acid on the one hand, the oxides on the other 
add jiroportion between the pho.sphoric 

analysed comjmnnd, you may readily calcu- 
^^'torino from the excess of the bases, the oxygen of 
equivalent to the fluorine. f)f cimrse, it is tnken for 
la)rtiong absent, or are determined in separate 

b ^he sul stance is insoluble in water and not decomposable btf acids. 

212, treat the 222 

You Iv * water, and the sohition with carbonate of ammonia, 

now in solution the whole of the lliiorinc and jihosplioric 

F F 2 
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acid in combination with alkali (H. Rose), and may accordingly 
proceed as in 219 220. 

4. Fluorides from Borates. 

IVIix the solution containing the acids in combination with alkali 223 
with sonic carbonate ol soda, and add acetatii ol lime in excess. A 
precijiitate is formed, which contains the whole of the lliiorine as 
tluoride of calcium, and besides this, carbonate and some lioratc ef 
lime; the greater proportion of the latti^r having been redissolved l.y 
the excess of the lime saft addcnl. Determine the fluoride o(‘ caleiuiii 
in the precipitate as directed in § 138, T. Ihc small fjnaiitity ol 
boracic acid in the preciiiibite is, in this process, partly volatilized, 
partly dissolved, alter evaporating the mass with acetic acid and 
extracting with water. It is therefore ncc(‘ssary to determine tlic 
boracic acid in a S(‘parate portion of the substance; this is clVected 
according to the directions ol § 13l>, 2 (A. Siuoml^ Mt*). 


5. Fluorides from Silicic Acid and Silicates. 

A great many native silicates contain fluorides: care must, there- 
fore, always be^taken, in the analysis of minerals, not to overlook the 

latter. . 

If the silicates containing fluoride are decomj)osal)le by acids— 
(which is only rarely the case*)— and the silicic acid is separated iii 
the usual way by evaporation, the whole of the fluoiTtic may 
volatilize. 


a. Be^.elius’s method. 

Fuse the elutriated substanee with 4 parts of carbonate of soda, lor^Z. 
some time, at a strong red heat; digest the mass in water, boil, filter, 
and wash, first with boiling water, then with solution ol carljonatc ol 
ammonia. Tlie filtrate contains all the fluorine as fluorido of sodium, 
and, besides this, carlionate, silicate, and aluminate of soda, 
filtrate with carbonate of ammonia, and heat the mixtuie, u p .a 
the carbonate of ammonia wlileh evaporates. FiltcT off the pivci pita e 
of hydrate of silicic acid and hydrate of alumina, and wash with cai- 
bonatc of ammonia. Heat tlie filtrate until the earbonate of 
is completely expelled, and determine tlie fluorine as directed^ • 

To separate the silicic acid, decompose tlic two precipitates with i)no 
chloric acid as directed § 140, II., ruj oofi 

h. WiiiiLER’s method. (Suitahle only for the analysis 
which contain a large jirojiortion of fluorine, and are readily < tu 

tl.(! very fincRt |i 

a small flask, add pure sulidiunc acid, close the flask quick y 
cork inJ, which 'a s.nall chlcn,lo of calc, urn 
weigh the apparatus with the greatest dispatch .and ./i 
until the evolution of fumes of fluoride of j, ^ p 

remove the last remaining traces of the gas from the flask, y 


* Annal. cl. Chem. u. Pham. 100, 91. treatmen' 

t Tlie whole of the Hilicic acid may be rem«ve<l from the filfcj- ,oin 
with carbenate of ammonia : addition of carbnnate of ' refore superf'^ 

mended by Berzelius, and afterwards by Kegnault, appears tner 
(H. Rose). 
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;1G6.] 

^Iiaiisting syringe, let the app.'iratus cool, and then weigli. Tlic loss 
ilir-itcs the weight of the iluoride of silicon ex]M;lled in the process. 

I) dure from this the quantity both of the fluorine and of tl>e silicon, 
calculate the latter into silicic acid, and add the quantity found to the 
^veiirbt of the silicic acid in the residue. 

Fluorides, Silicates, and Piiospilvtes, in presence ok each 

OTHER. 

Xative compounds of fluorides, silicates, and phosphates are not 226 
iincammon. They are decomposed as in 224. Conq)lete dccoinpo- 
nirjiin of the phosjhates is not always effected in this process, as 
jilmqihcitc of lime, for instance, is only partially decomposed by fusion 
wiili carbonate of soda. The solution remainijig after the removal of 
tho silicic acid and the volatilization of tin; carbonate of ammonia, 

— in j)rcsence of phos])hatcs — besides fluoride of sodium and 
carl)oiiate of soda, also phosidiate of soda. 

Neutralize the fluid nearly with hydrochloric acid, precipitate with 227 
chloride of calcium, filter, dry, and ignite tin; })recii>itate, which con- 
sisis of Iluoride of calciuin, jdiosphate of lime, and carbonate of lime; 
trout the residue with acetic acid in excess, and (;vaporat(r on the 
rvHtrr-hath to dryness and complete expulsion <,)f the acetic acid ; 
extract the acebite of lime, into -winch the (‘arhonate has been converted 
liY the litst operation, with water, weigh the residue, which consists 
of |iliosphate of lime and Iluoride of calcium, ainl treat it further as 
(lirectofi in 219' Id the original residue of the fir.st 0 |)eratiou and itt 
the precipitate thrown down by c,arl)onate of ammonia, derermi|j| the 
silicic acid, the rest of tlu! pdiosjdioric aedd, and the bases. 

o .Silicic Acid from all other Aciils. 

I'l. In, irhicJi (ii'c (IccoiiipDsed In/ Jfi/drochlnnc AcnL 

becouipose the sul)stance by more or less protracted tlig(‘stion with 228 
livilrochloric. acid or nitric acid, evaj>orate on the watrr-bath* to 
dryness (§ MO, 11., o), and treat tho residue, according to circuui- 
^^lilllces, Avith water, hydrrx'hloric. acid, or nitric acid; lilt('r oil the 
rthduiiry silicic acid, and determine the other acids in t.lu; filtrate. 

1h presence of boracic acid or fluorine this method is inap])licable, 

■iR'l the j)rocess describtid in h is employ »*d insti-ad. 11 carbonates 
present, the carbonic acid is determined in a si'parate portion of 
Mibstaiice. 

l>. hi Compounih ichlch are not ({eroinposcd hi/ ITijilrochlonc 

Add. 

hec()in|)oso the substance by fusion Avilh (‘.arbunate of soda and 229 
I' ltiissa^^ bib, 11., a), and either treat tlu* lu'sidue at once cautiously 

'''di dlhite hydrochloric or nitric acid, and the solution thus obtained 
‘‘' ill Uj 01 * |)oi[ residue with water, j>rccipitate tlio dissolved 
idc acid from the solution by heating with bicarbonate ol ammonia, 

"yb and in the mixed residue ami ])roci]>itate determine the 
■' ‘Ric acid by treating witli hydrochloric acid and proceetling as 
J'tvted § 140, 11., in the ’'filtrate, determine tho other acids, 
of these two methods may be preferable in particular cases, 

* A higher toinperature would not answer. 
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depends upon the nature of the bases, and upon the proportion which 
tlie silicic acid bears to the latter. In presence of boracic acid or 
iluorine, the latter iiietliod alone is appliciiblc. 

8. Caiusonic Acid puom all other Acids. 

When carbonates are lieatcd with stronger acids, tlic carbonic, acid 230 
is expelled ; the j)rcsenee of carbonates, thendbre, does not iutcridro 
with the estimation of most other acids. And as, on the other liand, 
the c.arbonic acid is determined liy the loss of w'ei<.^ht or by com- 
bination of tlie ex|)elled gas, the presence of siilts of nun-volatile 
acids does not intertere with the determination of the carlionic acid. 
Accordingly, with eomjnmnds containing carbonates, suljdiates, plios- 
phates, v'ce., eitlier the carbonic acid is determined in oik'. portion, and 
the otlier acids in anotlier, or both estimations are ixn’formed on one 
portion. In the latter ease the process described p. dOO, e, iiiiiy boused 
wdtli advantage, tlie otlnir acids being determined in tlie solution re- 
maining ill the decomposing lla.sk. In jiresencc of llnorides, one of 
the weak non-volatile acids, siudi as UirUirie acid or citric acid, must 
be employed to exjiel the carbonic acid; since, were sulphuric acid or 
hydrochloric acid used for the piirjiose, part of the liliorated hydro- 
fluoric acid would escape with the carbonic acid. If, as will occa- 
sionally happen in an analysis, a mi.xed (irecipitate of lluoride of 
calcium and carbonate of lime is thrown down Irom a solution, the 
two .stilts may be .separated by evajiorating with acetic acid to dry- 
ness, and extracting the residue with water; the acetate, of lime 
formed from tlie carbonate is <ii.s.s()lved, the lluoride of calcium i.s left 
beliiiid. 


SECOND GROUP. 

IIVDJtOCnf.ORIC ACID — HYDRORROMIC ACID — II VDRIODIC ACID- 
HYDROCYANIC ACID HYDROSULIMIUUIC ACID. 

I. Separ.vtion of the Acids ok the Second Group fkum 

THOSE OF THE FlRST. 

§ ir>7. 

a. All the Aci<ls (>f the Second (h onp from (ho.^e of the First. 

Mix the dilute solution wdth nitric acid, add iiitnite of silver in 231 
excc.ss, and lilter olf the insolulde chloride, bromide, iodide, i'ie., ol 
silver. The filtrate conttiins the whole of the acids of tlicfir.st group, 
the .silver salts of these acids bidiig soluble in wat<*r or in nitric m'lo- 
Carbonic acid imi.st, under all eireum.stanees, be determined in a sepa- 
rate portion. The (t.stimation may be elleitted after § l-'bh 
In the lirst ca.sc the remarks on p. 2U8 must be borne in mind. 

h. Some of the Adds of the Second Group from Acids of tho 
Group. 

As it is often inconvenient for the furtlier sopiiratiou of the aeid.s ol 
the .second grouji to have tliem all in th(3 form of insolnhlo silver cum 
pounds, the analysis is .sometimes elh’cted liy separating first the acu 
of the first groiij), tlien that of the second. If tlie quantity of dmpo 
sable substance is largo enougli, tlie moat convenient way general y 
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§ 167.] 

to determine the several acids, e.r/., sulplinric acid, pliosphoric acid, 
chlorine, sulphuretted liydrogeii, &c., in sejoarate portions. 

Of the infinite niiniber of combinations that may present tlicmsclves 
Ave Avill here consider only tlic most importiint. 

1. SuLPHUKic Acin may be readily separated from chlorine, bro- 233 
mine, iodine, and cyanogen, by i)recipitation with a salt of baryta. 

If the acids of the second group axQ to be determined in the same 
liortion, nitrate of baryta or aceUite of baryUi is used instead of chlo- 
ride of harium. In presence of sulphuretted hy<lrogon, suljdmric 
acid cannot be debirmined in this way, as ])art of the sulphiirc^tted 
hydrogen would be converted into sulj)huric acid by the oxygen of 
the air. Tlie error thus introduced into the process may be vei-y 
considerable (Fhesknios*). The sulphuretted hydrogen must, there- 
fore, first be removed l)y addition of cldoride of* cop])er, and the sul- 
phuric acid determined in tlie filtrate; or, the sulphurc'tled hydrogen 
must be completely oxidized into sulphuric aeid by chlorine, and a 
corresponding deduction afterwards made in calculating the (piaiitity 
of the sulphuric acid. 

2. Piiosriioiuc Acid may be precipitated by means of nitrate of 234 
mngnesia and ammonia, after addition of nitrate of ammonia; oxalic 

A(.'ii) by nitrate of lime ; chlorine, bromine, iodine, Ac., are determined 
ill tlie filtrate. 

3. CiiLouiNE IN Silicates. 

(i. If the silicates dissolve in dilute nitric aeid, pn'cipitate the 235 
liiglily dilute solution with nitrate of .silver, Avitliout aj>)dy ingrheat, 
remove the excess of silver from the filtrate liy dilute hyrlrochlorie 
acid, still without applying heat, and then separate the silicic aeid in 
tlie usual way. 

If the silicate becomes gelatinous upon its di'eomposition with 
nitric acid, dilute, allow to deposit, filter, wash the separated .silicic 
acid, and treat the filtrate as in (i. 

If nitric acid fails to decompose the silicat('s, mix the substance 
)''illi carbonate of soda and ])otas.s.a, moisten the mass with water, dry 
111 the crucible, fuse, boil with water, remove the dissolved silicic aeid 
‘>y luoaiis of carbonate of ammonia and then previjfiUite, after addition 
of nitric acid, with nitrate of silver (II. 1\osk). 

4. Chlouides in presence of Fluorides. 

If the substance is soluble in water, the separation may be eirceted 236 
ns directed in 231 ; but it is more coiivruieut to preei]ntate the 
norijio with nitrate of lime, and the chlorine in the tiltratc witli 
mtrcite of silver. Insoluble compounds are fused with carbonate ol 
soda and silicic acid. 

Chlorine in presence of Fluorine in Silicates. 

r*rocced as directed 224 * Saturate the alk.alino filtrate nearly with 237 
Pr<icipitate witli nitrate of lime, separate the fluoride of 
^noium and the carbonate of lime as directed in 230 ) and precipiUite 
10 c ilorine in the filtrate by nitrate of silver. 

* Jouru. C prakt. CUem. 70, 9, 
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[§ 1^1 

6. Sulphides in Silicates. 

If the substance is decomposable by acids, reduce it to tlio very 233 
finest powder, and treat Avitli fuming nitric acid free from sulpliuric 
acid (§ 14 (S, II., 2, n, p. or with ratlicr dilute nitric acid in 
sealed tubes at 120 — 150°*. When the sulphur , is comphitcly oxidizcil 
dilute, filter olF tlie silicic acid, add carbonate of aminoiiia to tlie 
filtrate, to remove the portion of silicic acid wliich may possilily Imvo 
dissolved, filter again, and deUsnuine in the filtrate the sul|)liiiric acid 
formed. IT, on the contrary, the .sub.stance is not dccuin[)o,s;il)lc hy 
acids, fuse with 4 parts of carbonate of soda and 1 })art of uiliaic 
of potassa, boil the fused mass with water, filter, remove! the dissolved 
silicic acid from the filtrate by carbonate of ammonia (224)? liher 
again, and determine in tlie filtrate the .sulphuric acid produced from 
the sulphur. 

Supplement. 

Analysis of Compounds, containino Sulphides of the Alkali 

]\Ietals, and Alkaline Cakhonates, Sulpiiate.s, and IIvi’osul- 

PHITES. 


§ 1C8. 

The following method Avas first employed by G. A\b: liTiiEiit in tlie 239 
examination of gunjiowder residues. 

Put the sulistance into a lla.sk, add water, in Avhich a Kutllcieiit 
(piantity ol’ carbonate ol‘cadmium| is suspended ; cork, and shake the 
ves.sei well. The sulphide ol’ the alkali metal decomposes c.oiii|)l<!t,ely 
wit!) the carbonate of cadmium. FilU'r the yellowish jjrecijjitale oil, 
and treat it with dilute acetic acid (not with hydnxdiloric acid); the 

carboiiate of cadmium dissolve.s, tin; sulphide of cadmium is left undis- 
solved. (Jxidize the latter with chlorab! of potnssa and nitric acid 
(p. d lO, top), and preci|)itate with chloride of barium the sn][>]inrie 
acid formed from the sulphide. 

Heat the fluid filtere<l from the yellow precijdtate, and mix M'ith 
solution of neutral nitrate of silver. The precijiitate tlirou’n down 
by that reagent consists of carbonate of silver ami sulphide ol silver 
(K f), + Ag (), N K <), S (Vf Ag S + N (),). hemovetho 

former salt by nu'ans of ammonia, and ])rec.ipitate the silver from the 
arnmoniacal .solution— after acidifying with nitric acid — by nieiins of 
chloride of .sodium. Each 1 eq. chloride of silver so obtained corre- 
s])ond3 to 1 eq. carbonate. [| f)is.<olve the .sulphide of silver in dilute 
boiling nitric acid, determine the .silver in the solution as chloride of 
silver, .and {Calculate from the r(!sult the (piantity of the hyi)0.sul])hitc; 

1 eq. AgCl corre.S[>ond.s to 2 eq. suljdiur in hypo.sulphurous acid, and 
accordingly to 1 eq. hypo.sulphite (K O, 

From the fluid filtered from the sul[>hide and carbonate of silver, 
remove first the exco.s.s of .silver by means of liydrocbloric acid, and then 
[)rccipitato the sulphuric acid by a wilt of baryta. From the sulphnuc 

* Cariua. Comp. “ The determination of Sulphur iii organic bodies, §183- 

t Journ. f. prakt. (them. 55, 22. nninK>ni‘‘ 

+ 4’o obtain the carbonate of cadmium free from alkali, carbonate 0 
must be used as precipitant. , , . 1 fn.m 

II A (quantity equivalent to the aulphide found has to bo deductcu 

( K S + Cd 0, C 0, == Cd S + K 0, C 0*). 
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§ 169 .] 

acid found you have, of course, to deduct the (juantity of that acid 
resulting from the decornpositiou of tlie hyposulpliurous acid, and 
■lecordiiigly for 1 part by weigdit of cdiloridti of silver formed frotn 
llio snlpldcle, 0*28 parts by welight of sulphuric acid. The dif- 
fiTCtice gives the amount of sulphuric acid originally ju'csent in 
tlic analysed compound. By way of control, you may determine, 
in the fluid filtered from the sulphate of baryta, the alkali as snl])hat(; 
as directed in § 97 or § 98. Comp. “The analysis of black ash” in 
the Special Part. 

II. Separation of the Acids of the Second Grolt 

FROM EACH OTHER. 

§ 1G9. 

1. Chlorine from Bihjmine. 

All the methods of direct analysis hitherto proposed to elf(H‘t the 
separation of chlorine Iroin bromine are defective. The bromiiui is 
tliorcforc usually determined in a more indirect way. 

(i. Precipitate with nitrate of silver, wash the ])recipitate, dry, fuse, 240 
and weigh. Transfer au aliquot part ol’ the mixed chloride and bro- 
mide of silver to a light weighed bulb-tul)C,* fusi; in the bulb, let the 
mass cool, and weigh. This operation gives both the total weight of 
tlui tuh(5 with its contents, and tlic \veight of the portion of mixed 
(‘Idorido and bromide of silver in the bulb. The greah'st accuracy in 
the .s(iveral tveighings is indi^spensable. Now' transmit through the 
tiil)0 a slow stream of dry pure chlorine gas, heat the contents of the 
Imll) to fusion, and shake? the fused mass occasiouallv al)out in the 
I'lillj. After the lapse of about 20 ininutes, take off the tube, allow it 
tn cool, hold it in an oblique ]>osition, that the chlorine gas may be 
Hplaced by atmospheric air, and then w'cigh. Heat oiu'c more, for 
id'out 10 minutes, in a stream of chlorine gas, and w'eigh again. If 
tlm two last weighings agree, the t'xpcrimcnt is Du-minated ; il' not, the 
operation must l)e repcat(?tl once monu The loss of w'cight suffered, 
tiiultipliod l)y 4-22()d gives the (pi.antity of th(‘ bromide of silver 
* composed by the chloriiu?. For the ])roofof this rule see § 200. 

^diis method gives very accurate rc'sults, if tin* proportion of liro- 
imiic present is not too small ; but most uiuau-lain residts in cases where 
tmccs of bromine have to be determinetl in presence of large 
pi-'iiititics of chlorides, as, for insOuua*, in sill -springs. To render 
^uethod available in such cases, (he gre.at point is to ])roduce ;i 
'I U'r coiiipoxn^d containing all the bromine, and only a small ]>art ot 
< dorine. This end may In; attained in several w.ays. In these 
P<>ces8es the quantity of chlorine is found by completely’ ])recipitating 
‘ ^‘piirato portion witl> silver solution, and deducting the bromide of 
''ei (hund from tlie W'eight of the j)reeipitate. 

^ Mix the solution with carbonate' of soda in excess, filter if neces- 
iiitp' nearly to dryness, extract tin; residue Avith hot abso- 

solution contains the wdiole of (ho alkaline metallic 
add' only a small jwtion of (he alkaline metallic chloride, 

' ^ soda solution, and evaporate, dissolve the residue in 

‘ acidify with nitric acid, and procit)itato with silver solution. 

tho removal of the fused mass from the crucible is to 

and then pour out. 
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Fehling’s metliod 

Mix the solution cold with a quantity of solution of nitrate of silver 
not nearly sufficient to effect coinjilete precipitation, shahiii'r tlio miv 
ture vigorously, and leave the precipitateVor some time in tlio thii.]' 
Avith repeated shaking. If the amount of the precijiitate iirotliK, ,] 
coiTcsponds at all to the quantity of bromine present, the whole of Die 
latter substance is obtained in the precipitate. 

KiiLiNo gives the tollowing rule : — 

^ II the lluid contains ()-i;; bromine use | or } the quantity of solu- 
tion of nitrate of silver that would be required to emict eonmleto 
precipitation if 0-()l o, ().()()2«, ;_if o-poi i 

>Vash the mixed jirecipitate of chloride and bromide of silver 
thonyuylibj^ dry, ignite, weigh, and treat with chlorine, as above. 

y. MAKciiANDf has slightly modified Feiili.no’s method Ho O4O 
reduces with zinc the mixed precipitate of chloride and bromide of 
silver olitamed by Feiilino’s fractional jirecipitation, decomiioso.s the 
solution of chloride and bromide of zinc with carbonate of soda 
eva])orates to dryues.s, and extracts the residue with ab.solntc alcohol’ 
which dissolves all the bromide of sodium with only a little of the 
cliloride of sodium; lie tlnm evaporates the solution to dryiic^^ 
takes up the residue wiHi water, i>reci].itates again with solution of 
nitrate of silver, and .sulqects a part of the weighed i)recii)ilate to the 
treatment with chlorine. 

c. If a fluid containing chlorides in presence of some bromide, i.s 
heated, 111 a distillation flask, with hydrochbric acid ;iiid biiioxide of 
mang'anese, the whole of the bromine ])as.scs over before any of the 
chlorine. Upon this circumstance, Moiiu J bases the Ibllowiiig 
method for effecting the concmitration of bromine 
Distil as statcl, anil conduct tlio va|)ors, tliroiiKli a iloiilily liaiit 
tube, into a wide Wohi.k’s bottle, wliicli contains sonic strong .solution 
of aniinonia. Deinsc riinieH Ibriii in tlic bottle, filliiig it giadaallv. 
(.ondiict the cxces.s of va|ior.'i from the first into a .second bottle, wiili 
narrow neck, which contains ammoniated water, lioth bottles must 
-)e sufficiently large to allow no v.apors to e.scajie. M'hen the whole of 
Hie bromine is evolved, which may be distinctly seen by the color of 
the .space above the li(pdd in the di.stillation lla.sk and tulios, raise the 
cork of the flask to prevent the receding of bromide of ainiiioiiiuiu 
nines. Let tlio apjwiratiis cool, and unite the contents of the two bot- 
tles ; the fluid contains the whole of the bromine, with a relatively 
small portion of the chlorine. 

h. Instead of treating the mixed chloride and bromide of silver in a 243 
current of chlorine as in it may also Ik* reduced to metallic' silver, 

111 a current of hydrogen. After accurately determining the weight of 
tlie reduced metal, calculate the amount of chloride of silver ecpiiva- 
lent to it, subtract from this the weight of the chloride and hroiiiide 
of silver subjected to the reducing proce8.s, and we have the same 
dificrcnco as served in a for tlio [Munt of departure of the calculation 
(VVackenuodeh). It will be seen that one and tlio 8<‘ime portion of 
mixed bromide and chloride of silver may be treated first as directed 
tn a, then, by way of control, as directed in b. The difference found 


• Journ. f. prakt. Chem. 45. 269. f Ilnd. 47, 363. 

t Auijttl. U. Clibiii. u. Pharin. 93, 80. 
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in the direct way in the first, and by calculation in the second experi- 
ment between the weight of the mixed chloride and bromide of silver 
and the amount of chloride of silver equivalent to it, must be the same. 

c. Fk. Moiiii * recommends to precipitiite by a known (piantity of 244 
silver the bromine and part of the chlorine, and to weigh the mixed 
piTciidtate of chloride and bromide of silver ; which will of course 
atmiii furnish the same data for calculation as in h. The known 
quantity of silver used as precipitiint is either weighed off directly 
and dissolved in nitric acid, or added in form of a standard solu- 
tion. This method is more convenient than the process descrilied in 
a; hut I do not consider it quite so accurate; more particularly lor 
small (piantities of bromine. It prcsuyiposes that a weighed (piautily 
of silver will give an absolutely corresponding amount of chloride of 
silver, which ymactically is not the case, errors to the extent of sonui 
niilligraimues being scarcely avoidable; it may accordingly hapiuii 
that iuoniine is calculated I'rom the sup])osed ditference, even in cases 
where there is absolutely none j)resent. Now the method o is not so 
liable to lead to such mist^ikes, at least not to the sjime extemt. On tlie 
contrary, a simple (ixperiimiut will show that pure chloridt; of silver, 
heated cautiously, in a light bulb-tube, in a current of chlorine, 
siiH’ers no alteration of weight; an error occurring in this operation 
to the extent of J mgrm. is loss excusable than one to the extent of 
2 iiignn, arising in the conveu’sion of 2 or d gtin. of silver into 
chloride, more esj)eeially if a filter is used in the jjrocess ; and this can 
liardly ever be dispensed with in a }>artial ]>recipitati(>ii, as, in such 
cases, the precipitates always subside less rea<lily and eom]dete]y than 
in cases of complete precipitation. 

(I PiSANi’s method f may be looked upon as a moditic'ation of c. 245 
dliis chemist recommends to add a known (pianlitv of solution of 
nitrate ot silver in slight excess, iilter, and determine the silver in the 
nitrate by iodide of sUireh (p. 21(*). *rhe ])rei‘i]>itate is weighed as in 
This method y)recludes the partial precipitation. 

c. Determine in a jxu’tion ot’ the solution the ehlerine + bromine 246 
('•y prceii)itatlng with solution of silver), idtluu' graviiiietrically or 
voliiiuctriciilly ; in another portion the broniiiu', (diher by the eolori- 
lueti'ic method (§ 14d, I,, or by the volnmetric method (§ 1 lo, 1., 

^ c). Calculate the chlorine from the dilferi'iiee. The method i.s 

'cry suiUihle for an expeditious analysis of mother-lhpiors. 


2. Chlorine from Iodine. 

Mix the solution Avith nitrate of pr» 9 to\ide of |);dladium, and 247 
JGteriuine the precipitated protio<li<le of palladium as ilirected § 11'), 

’ • Conduct sidpjliuretted hydrogen into the liltrate to remoA’e 
of the palladiun\, destroy the excess of' suljdiureUed hydrogen 
y sehitiou of sulpdiate of sescpiioxide of iron, and ymcciyuUitc tho 
^ ‘orine finally with solution of silver. It is generally found more 
e uml eoiiveiiicnt to precipitate from one portion the iodine, by 
P^f^^bloridc of palladium, as directed § 14o, I., 6, from an- 
chlorine and iodine jointly with solution of nitrate 
hav^ to calculate the chlorine from the difference. If you 

^ »o solution of nitrate of j)rotoxide of palladium ready, and tho 


* Annal. d. Chem. u. rharni, 93, 76. 
t Compt, rend. 44, 302; Jourii. f. prakt. Chem. 72, 266. 



444 


SEPARATION. 


clilorine and iodine must be determined in one portion of the .solution 
under examination, add a measured quantity of a solution of ])rou> 
chloride of jialladiurn, determine the amount of chlorine in tliis In 
another exactly 0 (|ual portion of the sjime solution, and deduct it 
The results are accurate. 

In the case of fluid.s containing a large proportion of chlorides of 
the alkali metals, to a .small quantity of iodides of the alkali uiotnls 
— and sucli cases otlen occur — the iodide is concentrated by addii)<r 
carbonate of soda to tlio Iluid, evaporating to drynes.s, extracting tlic 
residue A\dth alcohol, evajxu’ating the alcoholic solution with addition 
of a dro]) of solution of soda, and taking the laisiduc up with water. 

h. Proceed exactly as for the indirect determination of hroniiiic in 248 
pia'senco of chlorine (240)- The loss of weight suilered l)y tlio 
silver precipitate in the fusion in chlorine gas, multiplied hy 2‘r)G7 
give.s the (jiiantity of the iodide of silver decompo.sed l)y chlorine. 

^l’h(i methods de.seribed 243, 244, and 245, may also be ciniiloved. 

The re.sults obtaine<l ])y these methods in the (‘ase of chlorine ;iiid 
iodine are still more accurate than in the case ol‘ chlorine and 
bromine, as tin; equivalents of iodine and clilorine diller far more 
widely than tho.se of chlorine and bromimn 

e. Add to the .solution ,Jj c. c. of .standard .solution of iodide of slarcl 249 
([). 21 I), then, drop liy drop, with stirring, d(H‘imal .solution of .silver 
(p. dlO), until the iodide of starch is decoloriz(;d, ^I'lie amount of 
silver .solution used (afU'r de<lucting the small ijuantity requiri'd for 
the deeolorization of the \ c. c. of iodide of starch solution added, and 
which must be .separately determined) correspomls ('xactly to tlie 
amount of iodine in the analysed compound; f*or iodide of st.'ircli is 
(lecohjrized before the precijiitatioii of chlorine begins. To dctcniiiiio 
tiow the chlorine also, add again solution of nitrat<‘ of .silver in slight 
excess, filter, and determine the exce.ss of' silviT in the iiltratc hy 
inc.'iiis of iodide of .starch (p. 210). ’•Deduct tli(! amount ol“ .soliilieii 
(jf nitrate ot‘ silver (.‘orre.sj>onding to the .\ c. e. of iodide of .starch 
Solution added, ami to tin; iodine jireseiit, as w<dl as the excc.ss ol 
silver solution from the total (juantity mlde(l, and ealciilato the t liloriiio 
from the differenee. This method is expi'ditious ; the re.sult.s arc 
accurate (Pi.sAXi*), Compare also Mxpt. No. 01. 

Tlie following methods are esj)ceially adajiOid llir the determinalion^ 
of small (juantities of iodi^Ie in the pre.sence of large (piautitic.s ol 
chloride : — 

<L Mix the solution with a few <lrop.s of .solution of hy[>oi>ifric 20U 
acid in sulj)hiiric acid, or with red fuming nitric acid, add I t'> 
bisulj)hide (d' carbon, .slmke violently, separate the violet-coleird 
bisulphide from the fluid eoutaiiiing the eldorine (and bromine) hy 
cautious decantation, and .shak(^ tlu! decanted fluid'witli fVesli bisul- 
])liide. Alter tbe violet bi.sulpliide has been washed by decanfalioii, 
flic watcT l)eirjg [)Ourcd off through a liltctr, the iodine may Ik: dctei- 
mined in two different ways. The .solution should bo in n- stop))oit;t 
Ijottle, covered with a layer of water. 

a. Add a dilute solution of hyposidphitc of .soda, with shaking, 
Unally after afldition of every two dro]>s. Tlio violet coloration 
gradually disap[)earH. The c;iid-poijit is easy to hit with perfect cu^ 
tainty. Now determine the value of the solution of hyposulphite, 

* Conipt, rend. 44, 352 ; Journ, f. prakt. Cheni. 72, 26(1. 
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by slinking a few c. c. of standard iodine solution Avitli bisulphide of 
airhon, and then adding hybxi^nlphite to decoloration. Results good. 

II Add drop by drop, with shaking, dilute chlorine water (of 
unknown strength), till the coloration bus Just vanished, and all the 
iodine is consequently converted into I Cl^. Separate the solution from 
the bisulphide, add iodide of potjissium solution in sufficient excess, and 
determine the free iodine after § 146, 3. Six parts ot the iodine 
I'ound correspond to 1 part originally present. II* the analyst would 
avoid the troubhi of pouring off the Iluid from the bisulphide and of 
washing the latter, he may transfer the mixture, alter the addition of 
chlorine to decoloration, to a somewhat narrow measuring cylind(‘r, 
note the volume occupied by the jientjichloride of iodine solution, 
take out a portion with a pipette, and proceed as above direettMl. 
liesults good. 

Instead of the bisulphide, Moinni-:* uses benzol, IxOGEuf chloroform, 
and instead of the hyponitric acid the latter chemist eni])Ioys iodic 
acid. This last reagent was formerly proposed by v. LiKiur, for tlic 
same purpose ; it is added in dilute solution to the dilute tluid mixed 
with sulphuric acid. It I’ollows, from the e([uation 5 II I + l (),- 
5IIO + I^, that only J of the iodine here I’ound belongs to the iodide 
of the alkali metiil originally ])rcsent. 

In this process the chlorine is determined, either in the fluid .sepa- 
rated from the violet bisul|dude of carbon, or with gneiter accuracy, 
by precipitating the chlorine + iodine in a second portion with silver, 
and deducting the weight of iodide of silver r()rresj)onding to the 
iodine already found from the weight of the precipitate. 

c. Precipitate a [)ortion with silver solution and determine the chlo- 251 
riiic + iotline ; in a .second j)ortion e.stimate the iodine volumetrically 
(§ Ha, 1, d or e), and calcul.ah' tlu? chlorine l‘n)m the difh'reiu'e. 

J. For technical purposes tlu^ f’ollowing method is .also suitable. It 252 
M’as rGcoimnended by \\Hllace and ‘L amoni'I for the estimation of 
iodine in kelj). The kelp-lie is nearly mmtralizt'd with nitric acid, 
evaporated to dryness, and the residue i’used in a pdatinum ves.scd to 
Oxidation of all the sulphides. Treat with w.ater, lilter, add nitrate 
ot silver till the precipitate tippears })erfcctly Avhite, wash, digest with 
strong ammonia, and weigh the residual iodidte of silver. Fiimlly, 

^idd to the weight of the latter the amount which passes into solution 
in the ammonia ; it is .i of the acpicous ammonia (.sp. gr. 0*30) 

Finally compare 255- 

6. Chlohine, Buomine, and Iodine i-i;om e.vcii otiieu. 

The three metalloids are determined jointly in a portion of the 253 
nn , by precipntjvting .with solution oi’ nitr.ate ol* silver. To deter- 
nurie the iodine, another portion is ])recipitat-ed Avith protocldoride of 
H adium in the least possible excess. The Iluid filtered from the 
I'lccipitato is freed from jialladium by means of sulphuretted hydrogen, 

‘”1 the excess of the latter removed by means of sulphate of sestpii- 
ohl f tko chlorine and bnunine are then precipitated jointly, 

i^r completely or piartially, Avith solution of nitrate of silver, and 
romiiie is finally determined as directed § 169, 1. 

* Compt. rend. 35, 789 : Journ. f. prakt. Cheni. 68, 317. 

T Journ. de Pharin. 37, 410. t Cliem. Gaz. 1869, 137. 
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If the compound contains a large proportion of chlorine to a small 
proportion of bromine, the iodine may be precipitiited’also by nitratL' of 
protoxide of palladium, as there is no danger, in that case, ol’ protol)ro- 
uiido of palladium being coprecipitated. The filtrate is treated as above. 

These inetliods give accurate results; but they are applicable only 
if the quantity of iodide present is somewhat considerabki. 

b. Remove tlie iodine from the solution by bisulphide of carbon, 254 
or chloroform, as in 250; but, in order to be fjuite sure flint no 
bromine is liberated, use hyponitric acid, free I'rom nitric acid* 
(Gii.XNGEf). In the fluid separated from the iodizeil bi.sulphidc of 
carbon, determine the chlorine and bromine as directed in § Kit), 1, 
and in the iodized bisuljiliido of carbon, the iodine as in 250- I’bis 
method is particularly recommended for the separation of small quan- 
tities of iodine, and in this respect is supplementary to 253- 

c. Fre.shly pia'cipitated chloride of silver is converted by solution 255 
of bromide of |>olas.sinm into l)roinide of silver, and iiesldy |)rcci[)i- 
tated bromide and eliloridcj of silver are converted by iodide of 
potassium solution into 'iodide of silver. IJjion these facts F. Field); 
bases tlie following [)roce.ss for determining tlie tliree lialogciLs vlum 
present together, in combination with metals : — Place tlirce exactly 
equal portions of the substance in three stopjiercd bottles, add about o(l 

c. c. Avater, and silver solution in exccs.s, shake violently, and wa.sli the 
jirocipitates L, II., and III. completely Avith hot water. 1. isdilodand 
Aveighed, the Aveight rejiro.sents the sum of the chloride, hroiiiidi', ami 
io<lide of silver; II. and III. are digested Avith bromide and iodiflo ol 
potasisinm .solutions respectively for 10 hours; the solutions must be 
dilute, and eni|dovcd in not too largo exce.s.s, and Avitbout Avaniiing, 
otIicrwi.se they Avill dissolve pcrce])tible traces ol“ tlie silver salts. 

II. and III. are finally wa.shed, ignited, aiul wciglnal. II. is u mixture 
of bromide and iodide of silver, III. is pure iodide of silver. 

The calculation is as follows: — 

a. Tlie difference between the equivalents of bromine and clilorino 
( - 14'5b) : the eq. chloride of silver ( 1 PMM) :: the difrerouce 

hetAva.'cn the Aveightsofl. and II, : the chloride of silver containcil !• 

/I. The diilerence between the eipdvalcnts of iodine and liromitic 
( - 17) : the eq. bromide of silver ( -- lb7''J7) :: the dilfereiico between 
11. and in. : the quantity of bromide of silver in 11. Deduct the 
bromide of .silver so found from the Aveiglit of II. ; and the rcmaiiHler 


is the ioilide of silver. 

y. Finally subtract the sum of the chloride of silver found in «» 
and the iodide of silver Ibiiiul in /I, from the [irecipitato 1 ., ami the 
remainder Avill represent the bromide of silver. The method is o 
great interest from a theoretical point of view ; it can, hoAvever, ony 
be employed when all the three halogens are present in pretty laig'i 
quantities, Field’.s results were tolcralily satisfactory. - 

(/. Determine in a portion of the compound the chlorine, bromine, 
and iodine jointly by precipitation witli nitrate of silver. Dctcinnne 
the silver in the weiglied precipiUito as in 243 - f knoA\n 

quantity of solution of nitrate of silver in slight excess, filter, an 


• Tliis may bo obtained by a more intense ignition of feebly ignited aiti a 

t Coinpt. rend. 83, 627 : dourn. f. prakt. Chem. . , ('item 

X Quart. Journ. Chem. Hoc. 10, 284 ; Journ. f. prakt. Chem. 73> > 

Kewa, 11. 825, 



ACIDS OF GROUP IT. 


447 


§ 169.] 

determine the small excess of silver in the filtrate by means of iodide 
of starch (245)* 

Determine the iodine separately by Dupre’s method (see below), 
calculate the cpiantity of iodide of silver and of silver corresponding 
to the amount of iodine found, deduct the calculated amount of 
iodide of silver from the mixed iodide, chloride, and bromide of 
silver, that of .the silver from the known quantity of the metal eon- 
t^iined in the mixe<l compound ; the remainders are respectively the 
joint amount of chloride and bromide of silver, and tlie quantity of 
the metal contained therein ; these are the datii for calculating the 
chlorine and bromine (243)- 

As regards the estimation of iodine in presence of bromides. A, 
and V. Dupkk found tliat il‘ tlie solution of an iodide contains 1 part 
of Itromide of potassium, or more, in InUO parts of watCT, proto- 
bromide of iodine (1 Br) is formed upon addition of chlorine water ; 
if the solution contains loss tliaii 1 part of brojiiide of potassium in 
15fK) parts of water, higher bromides in varying propo^'tions ai-e 
formed in addition to the protobromide. If tlie solution eontaiiis 
only 1 part of bromide of poDissium to 13o00 parts of water, 
pciitabromide of iodine alone is formed. If the iodine was dis- 
solved in bisulphide of carbon, the conversion into 1 Br is marked 
simply by the change of the violet color of the Ihiid to yidlowish 
brown (zirconium color), whereas the formation of 1 Br^ is marked 
by tlie change of violet to wliitc. 

Upon these reactions A. and F. Duprk have biased the following 
metbod : — Tost the fluid first liy adding liisuljdiide ol' carbon, and tlien, 
gnidiially, clilorine Avater, to see whether the color will change from 
violet to Avhite. If this is not the case, «lilute to the n'qninnl degree, 
find, to make (piitc sure, add one-half more w.ater ; then ])roeeed as 
clirectod § 145, T., t/, a or /3. A. and F. Dupuio ohtaiiH'd most siitis- 
lactory results by this process ; the method is jmrtieularly rcconi- 
incndcd for the determination of small quant it ies of iodine in lies 
which contain large quantities- of chlorides, and not too small 
quantities of bromides. If the latter are too small, exact results 
uaunot be obtained by the indirect method, on Avhieh the bromine 
Cii^timution is based. To determine bromiiu' directly, we may, after 
ttdding a snflicient quantity of chlorine water to destroys the violet 
uolor of the bisulphide, and consequently to form I Cl^, or, as the case 
uiay be, 1 ^(; chlorine = I eq. iodine), add more chlorine water 

hll the whole of the bromine is converte<l into Br Cl. 2 eq. of this 
^^|"Ouil quuntity of chlorine corre.spond to 1 eq. l)romine(A. Ki;iAtAN.\). 

Bie details will be found § 143, !.,/». To oxidaiii, 1 will suppose 
lie case in which 5 eij. K Br and 1 eq. K I are present. Kl-f 
h Br + 6 CU 6 K Cl + 1 Br^ and I Br^ + ID Cl I (4^ 4- 5 Br Cl. 

Proceed generally as in d, but demi-inino the io<liue by Pisani’s 257 
niothod (249). This method also gives very satisliietory results, 
^T^cially in the presence of large quantities of iodides. Presence ot 
^^’omiJes does not interfere with the accuracy of the estimation of 
iodine (Expt. No. 95). 

4. Analysis of Iodine con-fa in inu Chlorine. 

Dissolve a weighed quantity of the dried iodine in cold sul- 258 
P^uious acid, precipitate with solution of nitrate of silver, digest tlio 
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precipitate with nitric acid, to remove the sulphite of silver vluol, 
may have coprecipitated, and weigh. The calculation of the iodine 
and chlorine is made by the folloAving erjuations, in wlileh A repre- 
sents the quantity of iodine analysed, x the iodine (‘onUiincd in it. y 
the chlorine contained in it, and B the amount of chloride atid iodide 
of silver obtained : — 

x + ^ and 



Aq^I Aq ■¥ Cl j) 

Now as 

1-851 


1 

and 

Aq^-Cl , 

we have 

/?- 1-851 A 


y= 2-m~ 


h. If you have fi*ee i(K]ine and freo1*hlorine in solution, determine 259 
in one^ portion, after heating with sulphurous acid, the iodiiusas iodide 
of ])alladium (§ 14o, T., />), and treat another ])ortioii as direclod 
§ 14G, 1. Deduct from the ap[)arent amount of iodine found hy tlie 
latter process, the actual quantity calculatc'd from the iodide of jialla- 
dium : the difference expresses the amount of iodine e(]uivalc'iit to 
the chlorine contained in the sulesUmce. 

5. Analysis of Buomink containing Chlorine, 

a. Proceed exactly as in 258» .'weighing the bromine in a small 260 
glass bvdl). Taking A to be e<jual to the analysed bromine, />' to tlio 
bromide and chloride of silver obtained, x to the broniiiu? contained 
in A, // to the chlorine contained in A^ tlie calcidation is made hy the 
following equations : — 

and 


b. Mix the weighed anhydrous bromine with solution of iodide of, 261 
poUissium in excess, and determine the separated iodine as directec., 

§ Mh, 1- 

From these data, the respective quantities of l)romine and chlorine 
the following equations. Jjet A represent the wtnghed 
odine found, y tlie cldorino contained in A, a; the 
bromine contained in A, then 

x-^y~ A 

y = — PjyP 

Bunsen, the originator of methods 4 and 5, has experimentally 
proved their accuracy.* 

* Annal, d. Chem, u. Pharra. 86, 274, 276. 


are calculated by 
bromine, i the i 


X + y - A 
7?-2-.T5 A 
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6. Cyanogen from ('iilorine, Bromine, or Tooine, 

(j. Precipitate with solution of nitrate of silver, collect the precipi- 262 
(ipon a weighed filter, and dry in the water-bath until the weight 
roinains constant; then determine the cyarn^gen l»y the method of 
(iiiraim; analysis ; the diflercnce expresses the (piantity of tlu; chlorine, 
liroiiiinc, or iodine. 

/i. Precipitate with solution of nitrate of silver as in u, dry the 263 
|iro'i|)ita.te at 100°, and weigh. Heat the precipitate, or an aliquot 
jiart of it, in a porc(dairi (aaicible, with cautious agitation of the 
(oiiU'iils, to coni])1et(; fusion ; add dilute suljhuric aci(i to tin? fused 
iiuis.s, then reduce by zinc, liltc'r the solution from the riH'tallic silver 
and paraeyanide of silver, and determine the chlorine, iodine, or bro- 
niiiio ill the filtrate, in the usual way by solution of nitrate of silvan-. 

Till) cyanide of silver is the diirerenci'. NEUBArER and Kernei:* 
olilaitied very satisiiictory results by this method. 

('. Determine idie radicals jointly in a, jmrtion of the solution, l.y 264 
precipitating with solution of nitrate of silver, and the cyanogen in 
another portion, in the volumetric way (§ 1 17, 1., 0 or c).' 


7. Feuho- oii Perriovanogen from TIvdrociiloric Acid. 

To analyse say ferro- or ferricyanidc of potassium, mixed with 265 
till' chloride of an alkali metal, detm-mine in om' iiortion the ferro- or 
liirricyanogen as directed § 1 17, lb, .v; acidify anotlim* ]»oriion witli 
nitric ac'id, procipiltate with scdtition of nitrate of silver, wash the 
J>rccipitat(', fuse witli 4 parts of carhonate of soda and 1 jtart of 
nitrate ol potnssa, ('xtract tli<* iiisi'd mass with water, and di'ti'rmine 
tlic chlorine in the solution as directed in § 141. 


8. SiiEpiuTRETTKi) Hydrogen from Hydrocueoric A<ud. 

Lhc old method of separating the two acids by means of a metallic 266 
^tlt is liiihle to give i;dse results, as jiart of tin' cliKiride of tlie meud 
"‘‘7 hill down with the sulphide, W(‘, tln'ri'fore, pr(>ci pitato both as 
f’l vor compounds, dry the precipitate at 100'^, ami determine the 
in weighed portion; or — and (his is usmdlv jircterred — 
^^'•tcriuino in a portion of the .solution the snip] in ret ted hydrogen as 
J'rw.tcd §148, 1, u, by or c, in another })ortion the snlj)]iur + eldorine 
\ ‘Jiin ot silver salts. If you employ a solution of nil rale of silver 
witli excess of ammonia, for the deti'rniination of the snt- 
silvf .ynii may, after filtering oil* the sul[)hide of 

niu’*-^ hko chlorine directly as cldoriili' of .silvmr, by adding 

siihT ^incessjiry, neutral silver solution. d\> remove 

^ P ‘uretted liydrogen irom an aei<l .solution, in order that chlorine 
kos}.’ ^^'^birmincd in the latter by means of nitrate of silver, 11. 

to add solution of snljibate of soscpiioxide of iron, 
iiul'V ^9ect the separation of suljdiur alone; the sejiarated 
P^Ur is allowed to depo.sit, and tluai filtered off. 


* Annal. d. (Jhcin. u. Pharm. 101, 341. 
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SEPARATION. 


[5170, 


THIRD GROUP. 

Nitric Acid — Chloric Acid. 

I. Separation of the Acids of the Third Group from those of 
THE first two G ROUPS. 

§ 170. 

a. If you have a mixture of nitric acid or cliloric arid witli 267 
another free acid in a llnid containing no Itasrs, dctermitic in one 
jiortion tlu; joint amount of the free acid, hy the acidimetric nirtliod 
(see Special Part), in anotlier jiortion (Ik; acid mix(>d with tin' chloric 

or nitric acid, and calculate the amount of either of the latter I'roin 
the difference. 

b. If you liave to analyse a mixture of a nitrate or ehloraUMviih 268 
some other salt, <letermine in one portion the nitric acid or chloric 
acid voliimetrically (§ I Pd, II., ({, a or /I, or II., c, and § 1 [»()), or 
the nitric acid Iw § l id, II., <f, /j ; and in another portion the otlicr 
acid. I think 1 need hardly remark that no sul)stances must he pre- 
sent whicli would interlere witli the a|>plication ofthe.se nK'thods. 

c. From the chloridt'S of thosr; metals whicli form wdth {thosplmric 269 
acid insoluhle trihasic phosphate.s, tlie s.alts of the' acids of the tliinl 
group may he se]»arated also hy digesting tin' solution with recently 
preci|)Itated thoroughly wasln'd trihasic plntspliate of .silver in CNcess, 
and Ixiiling the mixture. In this [trocess, tin* (‘Idorides traii.sposo 
with the phos[>liate— chIori<h‘ of silver and j)hosj»hate of the metal 
wdth which the chlorine was originally coml>ined heing ftriiu'd, which 
both separate, together wdth the excess of tin; |>hos[»hate of silver, 
whilst the chlorate's and tiitrates remain in .solution (Cuenhvin; 
LaSSAI(J\K*). 

(L 'riie estimation of an alkaline chlorate, in presence of a chloride, 270 
may he fcfTeeted also as fol low's : — 'fake two portions of the snhst.'ince, 
determine the chloriini hy nn.'ans of silver solut ion, in one dir('etly,in 
the other afler reduction of tlie, chloric acid hy' (‘aiitioiis ignitiou or 
])y na.scent hydrogen (§ lot), II., c). Calculate the chloric acid h'uia 
the difference in the precipitate, s of chloride, of silver. 

II. Separation of the Acid.s of the Third Groit 

FROM EACH OTHJ'R. 

We have as y'ot no method to f'lfeet the direct se[)aration of nitric 271 
acid from chloric; a«'id ; the only practicahle way, tlu'refore, i'^ 
doterinine tin; two acids jointly in a portion of tlie comjiound, hy the 
inctliod given ji. olo, /3 (.s(‘e p. do.'I, A), and in another portion the 
chloric acid, ])y adding (;arhonate of .soda, in excess, evaporating 
drync.ss, fusing tin; residue until t.lic chlorate is comjdetidy convei u 
into chloride, and then drsterinining the chlorine in the latter ; 1 ('h 
chloride of silver produced from this correspond.s to 1 cep chloric acP> 
provided there was no chloride originally present. 

* Journ. dePharm. 10, 2SD ; Pharm. Centr.'vlbl. 1850, 121. 



SECTION VI. 


ORGANIC ANALYSIS. 


Organic compounds contiiin coniparailvcly only few of the elements. A 
small number of them consist simply of 2 elements, viz., 

C and II ; 

tk greater number contain .3 elements, viz., as a rule, 

C, II, and O ; 

most of the rest i elements, viz., gencTally, 

C', II, O, and N ; 
a small number 5 elements, viz., 

C, 11, O, N, and S; 

ami a few, 6 elements, viz., 

C, TI, O, N, S, and V. 

This applies to all the natural organic compounds which liave as yet 
Rome imder our notice. But we may artilici.ally prejiare organic com- 
pounds containing otln.w elements besides those enumerated; thus we 
hoow many wgaiiic snbstaiiee.'^, which contain chlorine, iodine, or bro- 
iGino; others, wliieli contain arsenic, antimony, tin. zinc, platinum, iron, 
oohalt, c^c. ; and it is (juito iinpo.'^sihle to say which o(‘ the other elements 
limy not bo similarl)' eajiable of Iteeoming inoro i-oinote constituents of 
oiganic conipoiinds (eonstitiients of organic radicals). 

^^htli the.se compounds we must not confound those in wlileh organic 
• 1 ‘ 1 'ls are combined with inorganic bases, or organic bases with inorganic 
‘Ill'S, such as tartrate of lead, for iiislancf, .''irude ether, borate of 
iii'Tphla, Ac. ; since in such bodies any of tlic elements may of course 
Occur. 

^hganlc comjionnds may bo analystMl eitlu'r willi a view simply to 
so VO til cm into their proximate eon.'^titnents : thus, for instance, a gnm- 
into resin, gum, and ethereal oil;— <>r the analysis may have for its 
^d''ot tli#determination of the ultimate constituents (the elements) of the 
‘ b ailee. The simjde resolution of ori::anic eomjHmnds into their prox- 
is efipeted by methods jx'rfci'tly similar to those used in 
‘'^oalysis of inorganic eomjKuimls; that is, the operator endeavors to 
solvents, application of heat, A c.) the individual eonstitiients 
one another, either dircctlv, or after having converted them into 
disregard Iktc altogether this kind of organic 
Avhieh the methods must be nearly as nnmerons and varied 
seen which they are ajiplicd — and proceed at once to treat of the 

The^^p’ called i/ic ultimate analj/sis of organic bodies, 

dnalv^' y analysis of organic bodies {here termed simplg^ organic 

y has for its object, as stated above, the determination of the 

G G 2 
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elements contained in organic substances. It tcacbes us liow to isdlat,- 
these elements or to convert them into compounds ol‘ known corujiositioi, 
to separate the new compounds formed I'rom one another, and to ciilciilatt 
from their several weights, or volumes, the (piantitios of the cleiiKiins, 
Org anic analysis, thm-elbrc, is based U])on the same ])rinc:i{)I(i upon wliid 
rest most of the methods of separating and determining inorganic: com- 
pounds. 

ddie conversion of most organic substances into distinctly cliaractcrizcil 
and readily separable products, the weights ol‘ wliich can he accnraldv 
determined, olhu’s no great dilliculti('S, and organic analysis is tlicrcliire 
usually one of the more easy tasks of analylical chemistry ; — and as, I'roin 
the limited numlaer of the eleimaits which constitute organic hoilie.s, tin ro 
is necessarily a. great samemess in tin; products ol' their (h'coiiijiosition, llic 
analytic'al piroces.s is always verv similar, and a few methods siilllce jiirall 
cas(^s. It is principally ascribabh; to this latter circumstance lljat; organic 
analysis has so speedily attained its ])resent high degn'c of perl’ectidii:— 
the constant (examination and improvement of a few methods by a great 
number (tf chemists could not iiiil to produce this la^sult. 

An o7'ganic analysis may h.avc; for its object either simply to ascertain 
the relative; epiantities of the constitiuuit elements of a siihstauce,— tlui;!, 
for instance, woods niav lx; analysed to asicertain their luxifing power, lats 
to ascertain their illuminating powm* — or to <letermine not only the relative 
(piantities of the constil neiit (‘hunentary atoms, but also tlieir abselutc 
(juantities, tlia^ is, to de'terinine the number of (Mpiivalents ol earbeii, 
hydrogen, oxygon, Ac., which constitute 1 eepiivaheiit of the analysed eoiii- 
[>ound. In scientific inveastigatiems we have invariably the latter ohji'i't 
in view, although wo are not yet .aide to achieve it in all eases, lliew 
two objects cannot well he attained by one ojK-ratioii ; each requires a 
(li.stinct procc.ss. 

The metliods by which we ascMu tain the piarporlions of the cojistiluent 
(.dements of organic compounds, may be calhed collectively, ///e 
finalfisis of onjanir hot/irs^ iti a more restricted sen.se; whilst the 

which r(.‘V(!al to us the ab.soluti' number of elementary eapilvaleaiis con- 
stituting the comph'.x (Mpii valent of the analysed eoinjiouiid, uui) 
the (Ictcnnhidiion of Ihr ('ijiiivnlciii s of ' oiyontc hotlies. 

The successor an organic analysis dcjjcnds both upon the method and its 
exociitioii. ddie latter nxpiires |iati<ince, circumspc'clion, and skill; wio 
ever is moderately ei)dowe(l with th(‘.s<! gifts will soon become a jirolivic’'^ 
in this braneli. '^I'lie selection of the method (h'pends upon the kino' 
ledge of the con.stitnenfs of the substance, and the method selected ni'h 
revjiiire certain modifications, according to the j>ropertii‘s aigl 
aggregation of tlu; s;ime. before we can proceed, thcrelbn', t<’ ' 
the various imithods apjilicablc in the dilferout eases that may 
have first t<7 oeeupy ourselves Jierc with the n«;aus of testing o p- 
bodies (jualltativcly. 

I. Qualitativk Examination of Organic boniKS. 


It is not nece.s.sary for the correct .selection of the proper me ^ 
know all the elements of an organic compound, since, tli« 

prfisence or absence of oxygen makes not the slightest 
method. But with regard to other cdcinents, such as nitrogen, 
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phosphorus, chlorine, iodine, bromine, &c., and also the various metals, it 
is absolutely indispensable that tlie oj)erator should know jiositivcly 
wlu tlior either of them is present. This may be ascertained in the follow- 
ing manner : — 


1. TeMing for Nitrogen. 

Siibstanees containing a tolerably large amount of nitrogen exhale 
upon combustion, or when intensely heated, the well-known smell of 
singed hair or leathers. No further test is required if thi.s smell is dis- 
tinetly perceptible ; otherw'i.sc one of the Ibllowing experiimails is resorted 
lo : — 

(i. The substance is mixed with hydrate of ])ot;issa in powib'r, or with 
soda-lime (§ dd, 4), and the mixture heated in a test-tube. If tlie sub- 
stance contains nitrogen, ammonia will be evolved, which may be readily 
dulocled by its odor and lametion, and l)y the Ibrmation of white fume.s 
with volatile acids. Should these reactions (ail to afford positive certaiiitv, 
ovory doubt maybe removed by' the following ex])eriment Heat a some- 
what larger portion of the substance, in a short tube, wit|^an exce.ss of soda- 
lime, and conduct the ])ro(luets of the combustion into (lilutc liydi'ocbloric 
acid; evaporate the acid on the water-bath, di.ssolve tine residue in a little 
water, and mix the solution with bichloride of platinum and alcohol. 
Shonld no precipitate form, even afler the lapse of some time, the substance 
may be considered free Irom nitrogen. 

h, L,\ssai(:nk has ju'ojxwsed another method, which is based upon the 
property of potas.siiiiu to form cyanide of potassium when ignited with a 
nitrogenous organic substance. The following is tin' best mode ol’ per- 
forming the experiment : — 

Heat the substance under examination, in a test-tul)e, with a small 

combust ion of the ])otassium, 
dv); tiller the solution, add 2 
iron containing some sesqiii- 
oxide, digest the mixture a .short time, and add hvdrochloric acid in excess. 

I'e lormation of a blue or bluisli-grei'ii pix'cijfitate or coloration proves 
l-he presence of nitrogen. 

both inetlioda are delicate: a is the more t'ommonly employed, and 
safieesin almost all cases; b di^esnot ausw«'rso well in the ca.se ol‘ alkaloids 
^’antainirig oxy'gen {e.g. morphia, hrucia). 

/• hi organic substances containing oxich's of nitrogen, the presence of 
aitiogcin cannot be detecteil with certaintv I'V cither a or />, hut it may be 
ruuly q^covered liy heating the substance in a tube, when red acid 
ini^irting a blue tint to iodide of starch paper, will he evolved, 
^^^onqianiod ollen by deflagration. 


laiiip ot pota.ssium, and after the com|)lete 
truit die rc.si(luG Avitli a little wati'r (caution; 
ot solution ofsulnhate of iirotoxidc ol 


testing for Sulphur. 

not sithstances are fused with about 12 parts of pure byulrate of 

Ividr^’ iHtnite of ]H)tass;i. Or they are intimately mixed 

is tl^ pure nitrate of potas,sa and carbonate of soda ; nitrate ot potassii 
add^T fu.sion in a ])orcclaiu crucil)le, and the mixture gradually 

^'ater busing mass. The mass is allowed to cool, then dissolved in 

solution tested with baryta, after acidifying with hydro- 

are treated with fuming nitric acid, or with a mixture of nitric 
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acid and chlorate of potassa, at first in tlie cold, finally with application of 
heat ; the solution is tested as in a. 

c. As the methods a and b serve simply to indicate the presence of sul- 
phur in a general way, hut afford no information rc'gardiiig the state or 
form in which that element may be present, I add here another niotliod 
which serves to detect only the sulphur in the non-oxidized state inorganic 
compounds. 

Boil the suhstancti ivith stro?ig solution of pota.‘i‘;n. riinl 
evaporate nearly to drymss. l)i.s.s()lve the re.iidiie in a little' 
water, pour the solution into the small tla.sk A (iig. sdj 
and slowly add dilute sulphuric acid through tin; fmind- 
tuho c; if sulpliur i.s pire.seiit, the slip ol’ paper 6, wliicli 
has been luoisU'ned with a solution of acetale of lead, and 
thet) touclicd with a few drops of solution of rarlioiiate of 
ammonia, will turn brown. 1 need li.ardly mention tliat 
the cork must not fit air-tight. In.stead of in llic niatitnr 
described, the sul[»liid(! of potassium (’ormed may ho ik- 
tocted also by^ means of a polished surface of silv(‘r, or ly 
nitroprusside of sodium, or by just aeidilyiiig the dilute 
solution W'ith bvdrocldorie acid, and adding a lew drops ot 
a mi.\tur(3 of ses(|uicldori<le of iron and ierrieyaiildo ot 
poUi.ssium (See “ t^bial. Anal.” § 150). 

Fig. 85. 

3. TeMituj for Phosphorus. 

The mothod.s de.scribed in 2, u, and b. may Hkowis(’ servo for pkos- 
phorus. The solutions obuined are t<*sto(l i’or phosj)lioric acid witli 
Hulpliate of rnagtiesia ; or with se.s<puchl()ri(h! of iroJi, with addition "t 

acetate of soda ; or with molybdato (d' ammonia (coin]). “ bhial. Anal. )■ 

In method 5, the gntater part of tlie cxees.s ol‘ nitric acid must lh’.4 I'e 
removed by evaporation. 

4. Tesitu'i for Inonfuuic Substonres. 

A portion of the substmee is IietiU'd on ])latinum foil, to son whellwi cr 
not a residue remaims. When acting nj)on dillieiiltly comhiisf ihle 
stiiices, the proce.ss may be acaa.derated by heating tlio spot which 
stance occupies on the platinum foil, to the most intense redm^s 
directing the llame of the blowpijU! iqxm it from Ixdow. y, 

then examined by the usual methods. That volatile mefals iu 
organic compounds — c.y., arsenic in kakodyl — cannot bo detcg[ 0 o '} 
method, need hardly be mentioned. 

''rhe.se preliminary experiments .should nov(‘r he. omitted, since 
thi.s respect may give ri.se to very great errors. Thu.s, lor iPmid 

a substmee in wliieh a large proportion of sul|)hur was 
to exist, had originally tluj formula N ll,0,p a.ssigned to it. j 

liminary examination of organic substauce.s lor chlorine, hio 
iodine, is generally unnecessary, as the.se elements do not „-odiH’'‘‘i 

organic compounds ; and a.'J their presence in comjioundH it, 

by the action of the halogens re<piireH generally no further 
however, be desirable to uscertiin po.sitively whether a Py the 

does not contain chlorine, iodine, or bromine, tliis may bo 
methods given § 190. 
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II. Determination of the Elements in Organic Bodies. 

§ 173. 

[t is not my intention to give an account of tlie rise and progress of 
oroaiiic anulysi^^? I shall therefore confine myself to the descri])ti(ni of tlie 
most simple, precise, and universiilly applicable methods, omitting all the 
rest. The more simple methods, which arc generally gone througli hy tlie 
.stiRlciithy way of jiractice, will he most fully descrilxul ; the nioi c' roni[)Ii- 
oiU'd methods, which ])resu])pose a more ad vanced know ledge of the gna ral 
iiianipiilations of organic analysis, will he given more hniefly. 

'file accuracy of the results dejiends as much upon (he approjiriale coii- 
siruetion and arrangement of the ajijiaratus as upon the exeeiition itself. 
] am anxious, therefore, to im[>ress upon the student that eipial eare must, 
1)0 bestowed upon both. 1 may ad<l that he cannot deviate from the rules 
laid down with impunity, as tliey are the fruit of* the long experieuce and 
tho innumerable experiments of the most, distinguished chemists. 

For a bird’s eye view of this somewhat extensive suhjt et, 1 la fer the 
stiideiit to the Tabic of ('ontents at the coinmencemcnt ol’the volume. 


.V. Analysts of Co.mpound,s which consist si.mttv of C.vtt.ox and 

IIVDROI’.EN, OK OF (. AlUiON, 1 1 V D i:oG KN, AND OXYOTN. 

Tlie'principle of the metliod wliich serves to (‘fleet the (piantitative ana- 
lysis of such coin])Ounds, and whiidi w'as first exliihited in its jtresent form 
by V. Lifrk;, is exe(‘edingly siin])le. Tlie sulistanee is luu iied to carbonic 
acid and water ; tlie.se products arc scjiarati'd from each ulh('r;md weighed, 
and the carbon of tlie sulistance is ealeulated from the weight of the car- 
bonic aedd, the hydrogen from that of tlie w'ater. If the sum of tlie carbon 
and hydrogen is ecpial to the original weight of the snb>tane(‘, the snlistanco 
coiitiiiiis no oxygen; if it is le.-^s than tin* weiglit of the sulistance, the dit- 
b ronce e.xprc'sses tho amount of oxygen present.* 

The combustion is etreeti'd either by igniiing tlie organic substance 
^vitli oxygenized bodies which readily ]»art with their oxygen (oxide of 
ehromato of lead, Ac.) ; or at the c.\})ense bulb of free and com- 
bined oxygc'ii. 

Solid Bodies. 

«• Rrad/hf co?nhfi:^tihle, non-voIatil(’ (c-.7-, sugar, starch, tartaric 

‘'^^•id, and the far greater number of bodies of this class). 

Coiiiliistwn icitJi Oxide of Copper. 

1. Y. Lieiug’s Method. 

§ 171. 

h Apparatus and Preparations rf.oi uikd fou the Analysis. 

, 1^^'lhtate the matter tor b(*gimiers, I w ill here enumerate all the 
which they must provide tl'ieiuselvi's with before aii analysis can be 

commenced. 

!• The SunsTANOE.— This must Im' most linely pulveriz(Hl and perfectly 
and dry; — for the method of »lrying, 1 refer to § 2(i, 

^ "methods that have been proposed for the direct determination of oxygen in 
*1'®® have as yet had no impoiUut influence on organic analysis. They 

be described in § 182, 2. 
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Fig. 86. 


2. A Turk in wiiicir to wkioh the Suhstakce 
(fig. 8()). — “ A small pcrluctly dry glass tub(!, 
about 4 or 5 (‘iii. long, and about 1 cm. wide; its 
Avciglit mu.st bo known to a ccntigraniine. It is 
advis,'d>lo to place tlic tube in t)ie drying a|)pa- 
ratus, tog('tlier with tlie substance intended |()r 
analysis. On the ])alance tlio tube is a))|)ro[)ri- 
ately ])laccd in a little loot made ol‘ tin {s('e lig. .S7). 

d. The CipMimsTioN-nmE.- - a tube of dilli- %. .s?, 
cultly fusible glass (j)otassa glass), about 2 mm. 
thick in the gla.s.s, DO cm. in length, and from 12 to 11 iimi, 
iinuT <liann;ter, is softened in the middle hel'oro ;i 
blower’s lamp, drawn out as represenOsl in fig. (SS, and (iinllv 
apart at h. The line points of tlu^ two jVKsa's arc tbn 
s(*aled and thickened a little in the llann?, and tlin sliarpcdgs 
of the open ends, a and c, are slightly rouiKled ly fusion, 




care being taken to leave tlie aperture perfixtly round. The [)ostcrior 
part of the tube .should bo .sha[)(al a.s shown in fig. dl), and not as in lig HU. 



Fig. 89. Fig. 91). 


Two perfect combustion tube's arc thus produco<]. dlio one 
• for immediate u.so is cleaned with linmi or })a.p(!r attached to )i 
wire, and tlien tliorongldy dried. This is elleeted either by laying! * 

tube, with a piece of juijx.'r twisted over its mouth, I’or some time on -i 

H)ind-bath, with occasional removal of the air from it hy suction, with 1 
aid of a glas,s tube, or (raj)idly) by moving the tube to and fro ovei t '' 
flame of a gas or .spirit lamp, heating its entire length, and coiitiima ) 
removing the hot air by suction through the small glass tube (lig- )• 



The combu-stion tube, when quite dry, is closed air-tight with a ' 
and kept in a warm place until required for use. 
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In default of glass tubes possessed of the proper dc'grec of Infusibllity, 
thin brass or copjjcr foil, or brass gauze, is rolled round the tube, and iron 
AV'ire coiled round it. 

1. The PoTASii-iuiLHS (dg. 92). — This a})paratus was 
V. Liebig, and will be found in the sliops. It is 
filled to the extent indicated in the engraving, 
with a clear solution of caustic, potassa of 1-27 
s]». gr., which should lie as tree as possilile (rom 
c;irl)oriate of potassa (§ (if), h). The introduction 
of the solution of ])otassa into the apparatus is 
offected by plunging the end a (liut on no account 
the other end) into a beaker or dish into which 
a little of the solution has been poured out, and 
applying suction to /i, eitber by means of a caout- 
clionc tube, or (and this is the safest wav) witli 
the aid of a small suetion tube (fig. 92»). Tlie two 
ends are tlieii wiped perfectly dry with twisted 
slips of paper, and the outside ol* the tijuaratus 
with a clean elotli. 

T). The ('hloride-of-cai.cium-tuiu-: (fig. 91), 
which may also be purcliasod. This tube is 
tilled in the following manner:— In tlie first 
place, the aperture a of tlur tube h a is loosely 
stopped with a small eottoii-wool plug, reaching 
about 1 cm. into the tube; this is effected bv 
introducing a loose eotton-wool plug into (*, and 

applying a sudden and energetic sucUon at h -- 

then filled witli lumps of eiiloride of ealeium (§ (id, 7, b)y and the tube 

d up to c witli smaller fVag- 

ninuts, intermixed witli coarse ^ ^ ^ A 

pow’der cd tlie .same subsLmce; 

n loose cotton-wool plug is then 
inserted, and the tube finally 
with a iierforatcd cork, 



closed 


lujr. 93. 


9dic bulb of the tube is 


Fig. 94. 


into Avhicdi a small glass tube is fitted ; the p-olruding jiart of the cork i.s 
nntofl, jiiij t]j(, oovert'd ovi'r witfi scaliiig-wax ; the edge of 

w ittlc tubey (j (see fig. 95) is sliglitly rouiuU d at // by fusion. 




J' 


Fig. 95. 

^The tube illustrated by fig. 90 is still better adapted for the purpose, 
’^siiig this, a considerable quantity of tlie water condenses in the empty 


bulb 


Fig. 91). 


at the close of the cxj)erlment may be poured out. The 
1 ^ or IS thus enabled to test it as to reaction, ^S:e., and also to use the 


^Uie t ] — '-‘tauiuu uj LCSL iL as cu rcai LC-Mi, 

tube oftener without frcsli lilling than ho could 


^provided with 


in the case of a 


an empty bulb. 
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6. A Small Tithe of vuloanizet) India -liimnER.—Tliis must U . 
narrow tliat it can only be pushed with dillieulty over tlie tube g of 
cliloride of calcium tube on tlic one hand, and over the end a of iin. 
potash bulbs on the other hand ; in which ease there is no need of 
with silk cord. Jf the vulcanized india-rubber tube should he ;i litdotof) 
wide, it must be tied round with silk cord, or with ignited piano ^Irt 
It is self-evident that the tube <j of the chloride of calcium tube should he 
of the s;imo width as the tube a of the [)otash bidbs. Hdie iiidiau iihlKT 
tube is purified from any adherent sulphur, and dried in the waUi-huth 
previous to use. 

7. (’ORKS. — These should be soft and smooth, and as free as possible 
from visible jxwes. A cork .should lu; selected which fits ])erfoctly liL'lit. 
and screw.s with some dillieulty to one-third of its length, at llio most, 
into the mouth of the combustion tube; a jn'rlectly smootli ;iiii] romul 
hole, into winch the <*nd b n of‘ the chloride! of calcium tube niiist fit jicr- 
fcictly air-tiglit, is then carelidly bored through the axis of the oork bv 
means of a fine round file. The c.ork is then kept for a long liiiie in tlie 
water-bath. It is advisable always to have two corks (d' tliis descrij^tifii 
ready. Instead of ordinary corks, caoutchouc stoppru’s may be used, as 
recommended by Sonnensciiein,* who de.scribes them as durable, ligbt- 
fitting, and non-bygroscopic. 

<S. A Mortar tor Mixin<;. — A porcelain mortar, of greater width tban 
d(?pth, with a lip, and I’ree from indentations and cracks ; it slionbl not lie 
glazed inside. Previous to us(‘, it is washed with W'ater, alhnved to dry in 
a warm jdace, and left there till reepured. 

11. A SiatTioN-TtusK. — I'ig. 11" illus- 
a trates th(! most a])proj)riate fiiriti. 

The ap(‘rture a is closed with a per- 
MjF forated cork, into which the tube /miI 
the j)otash ap]»aratus is fitted. A e.'iont- 
cliouc tube may b(' .'i(lv.'irilageoiisly 
used imsteaid of a perforated (‘ork. 

| 0. A ( i LAS.S d’U HK, OpCll Ut I H'th Orids, 

Fig. 97. alxiiit (!0 cm, long, and el siiilioi<'nt 

width to admit being ])ushc(l oyer the 
tail of the combustion tube, whore it i.s .snj)]»ortcd ])y nieatis of liheni'o 
stand (.see fig. 108, p. dOo). 

11. A .sheet ofuLAZED rarer, with cut edges. 

12. Oxide of (’orrer. — A Jlessiaii crucible, of about 100 c. e. caparjm 

is nearly filled with oxide of copper j)repare<l as directed in § fd), 1 , | ‘ ^ 
crucible i.s covered wuth a w<'ll-litting overlapping lid, ami hc.itcd U> < 
rcdiie.s.s with charcoal, or in a suitahle gas-furnace it is tlieii allo'\o< ^ 
cool, so that l)y tlie time tlu! oxide; of copper i.s required for use, tlu; la**' 
can only just f)car contact with it. • 

Id. An EXHAlI.STINej SyKINUE WITH (hiLORIDE-OT-CAECI ITM-TUI|T.'-' 

fig^ 105. For the manner of performing an organic analysis wit lou 

aid of this ai)paratus, I refer to §§ 170, 178, 171). 

11. Hot Sand. — The temperature of this should exceed yOO , ^ 
not he siiffieiently high to singe paper. It is either taken fioin 
bath, or mii.st he specially heated for the purpose. 

15. A WOODEN Tuouun for the sand (see fig. 105). 

* Joum. f. prakt. Chem. C7, 153. t Zeitschrift f. anal. Chem. 2, 1^ 
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IG. A CoMRUSTiON-FURNACE. — Sonic tiiTio ago the only one nsed was 
V, Liebig’s, in which cliarcoal is the fuel. Subsecjiiontly spirit furnaces 
Clime into use, and recently gas combustion furnaces have been introduced 
into most laboratories, not because they are positively })etler, but only 
liwiiiso they arc more cleanly and convenient. We will consider llrst the 
cliiircoal furnace and then the gas furnaces. 

a, V. liiEBK.fs combustion furnace is 
ofslieet iron. It has the form of a long 
liox, open at the top and behind. It 
servos to heat the combustion tube with 
rcd-liot charcoal. Fig. OH n'jiresents 
the (iiriiace as seen from the top. 

It is from 50 to (iO cm. long, and 
from 7 to 8 deej^; the bottom, which, 

])y cutting small slits in the slu'ct irorij 
is c()nvorted into a grating, has a widlli of about 7 cm. The side walls 
iiro inclined slightly outward, so that at the top they stand alxmt 12 cm. 
apart. A series of ujirigfit pieces ol* strong .'<hcet iron, having the lorm 
sliown in />, fig. 00, and riveted on the bottom of the furnacto at intervals 
(if about 5 cm. serves to .sup]H)rt the combustion tub(‘. They must l:e ol 
(xactly corresjoonding height with the round a}»erturc in tin* ifont piece ol 
tli(„‘ furnace (fig. 00, A). 



Fig. 99. Fig. 100. 



This aperture must Ixe sufficiently large to admit the comhustion tube 
Of tlici two screens, the one has the form .'^bowii in lig. 100, the 
that shown in fig. 00, with the liorder turned dnwii at the upper 
T’hc o[)enings cut into the screens must bo suflieiontly large to 
^iceive thej combustion tube without iliHicully. 'I'be luniacc is placed 
upon two bricks resting upon a flat surfacix, and is slightly raised at the 
hrtlier end, by inserting a pieci^ of wood l)etw('eii llu' supports (see tig. lOG). 
Fi(‘ apertures of the grating at the anterior end o\' the f'uruaee must not 
" flocked up by tlio supporting bricks . 0 In cases wliere the comhustion 
f'llie.s are of a good (Quality, the furnace may ho ralsial more advantageously 
'y introducing a little iron rod or a piece nf a tile between the furnace and 
supporting brick ; this arrangement will give the air free access to all 
uoles of the grating; or the furnace mav .also he directly placed upon 
'J tnpod^vvhich, in fact, is now the usuarway. IMaeing the tube in a 
fitter of very thin slieyt iron teiuls greatly to pre.serve it. 

fbis combustion furnaces of the most various descriptions have been 

luoposed.* 


Compare the papers of v. Baumliaiier (Aniial. d. Chom. u. Tharm. 90, 21), A. W. 
Kus Urn 209). Sonnensdicin (Jourii. f. prakt. t hem. 50, 47b), Mag- 

Chel Wetherill (v. Liebig- Kopp's .bihre.sb. LS55, 828) iVbal (Amial. d. 

d,r 95,24), J. Leliiminu(ll)i>l. 102. 180), v. Bal.o(lLr. iiber die Verhandl. 

/u Hffbrderung dcr Naturw. /u Freiburg im Br. 1857, Nr. 22, u. 23), 

(leel 9 Annal. 103, 142), (1. d. Mulder (Sebeik. Verhamiel. eii Onderzoek 11 . 

(Comn/ 289), A. W. Hofmauu tQuait. Jourii. C\ S. 11, 30), Berthelot 

rend. 48, 409). 
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Fig. 101 represents one which is very fre(picntly employed.* 



Fig. 101. 

This appnratns con.si.sta of two p.art.s, tlie .sy.'<tom of’ lani])s and tlir^up- 
port. Tlio lortnor is eonstnieled of 21 t(» fJfl Hunskn biiriinr.s eadi Ixiiig 
provided with a sej)arate <’oek. These an; screwed into a tube To — 1)0 cm. 
long, and 25 mm, wide, whielj is eotmected with the gas-jjij^e. TlieliurtKT- 
tubes are sometimes round at the to|), soimjtinifs flattened. The Inm 
stand shown in the figure is that- of’ v. I5 ai'.o. d’lie flames (‘iit(‘r lliioiigli 
a slit-sliaped opeJiing, plav round tin* tub<‘ wdiieli lies in a gutter et 
.sliect iron lined with magnesia or aslM‘stos and resting on small supports, 
and escape at the top through an opening al.so in the foriii of a slit, 
The heat is (M)nfim*d and r<‘verberat(*d l»y the tin'-bricks pjlaced on h<di 
aides, d’lu* bricks on omi si<le ar(^ fi.xed, thost* on tin* otiicr are niovaMi; 
singly, .so that tlu'y may 1m* taken ofl’and put ou at will, 

I underatarid, too, that IIki.ntz’s apparatus is ex(‘(‘llent. It will 1)0 fouid 
figured in 1 liKiKiisiiotF's pri(;e-li.st (Ja*ipsig, 1<S(>I, j). dl). 1 caiiiiot sfxak 
f’rom my owm e.xperience in this matter. A. W. Hofmann’s luniai'it 
difl’ers materially I’rom tin; above in its (Construction ; it is much iisdl m 
England, and <can la* very highly recommemhed. d'he de.seri])tioii ti'Hcws:— 
into tiic horizontal brass tiilx; u (fig, 102 ), which is about DO cm. long 
and 2 cm. thick, and is coniK'ctc'd at both cinb 

Avitli S(‘rvi(ce of gas, thenc .are screwed 00 toy 

Upright tulMis {!>). d'hcs(; tubes .are 00 cm. hig ' 

and 1 fcm. thick, e;i(di is provi'lcd with a stop 

cock, ami Ix'ars a cro.s.s-tul)c (cc) if) cm. long -in* 

1 ’T) cm. thick. Into each cross lube arc sen w'^ 
fiv<‘ ordinary li.sli tail burners {e.ach consumm- 
4 cubic Jeet of ga.s per hour lor a I'dl 
(drect), on which a (corricsponding number o ( -i.^ 
Ijurners fit loo.sely. 'PIkwc hattm- arc 
liollow cylinders of ordinary pij)e-clay, oi 
m.'iterialj closed at the top, the .sides j!. 
Fig. 103, for.ated with pin-holt(s. 'Fhe tall 

dors (in 2 double row.s).'ire 8-5 cm. Idgh,^ 
external and 1 cm. intermU dlamcU-T; e.acdi (mntains 10 roAv.s 
ratioMH each, ^Jdie .sliort middle cylinder.s (in a single row) < i 

* (fomp. (Jrb Preiflverzc^icliniHB Nr. fJ der BunHen'sehen Apparate vom 
niechariikuB JJoaagu iu iieidellierg. Braunschweig: Fr. Vieweg u. 

t Quart. Jourii. (Jlieiu. 8oc. 11, tlO. 
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the others in being 4 '5 cm. liigb> and containing 70 to 80 perforations, 
they serve as a sn])port lor tlic combustion tube {/), wliicli is thus boddcHl 
ill a diannel of heated fire-clay. An iron frame imp;irts the requisite 
anioiint of sUibility to tlie whole system. The side plates of clay {k/c) are 
movable, and stand in a groove, thus overtopping the eyrnulers })v 1 'o cm., 
iiltliougli they are of the same heiglit. On the si.h; plat(!s, movable clay- 
(•ovcrs(/) are laid. Fig. 103 is a drawing of the complete furnace. 



Ill tlie anterior part, the side ])late and eovers atv rennov^'d, .so as to .sliow 
tlu; (lisposition of the clay burners. During the combustion .all the cl.ay 
hiiniers are enclosed, as sliown in tlu' p..stcri<'r ))art of tlx' .apparatins. The 
most appropriate interval l)etW(‘on the several hiuana-s is .'I mm. It is very 
miportanl, for the attaiinmnit of a perfectiv unilbmi taanpcraturc, that tlie 
arms hearing the burners should Y)e e.,ui.li..i:,ut. Their position 
1 uaefore specially secured by corresponding holes in the iron frame. 


11. PnaFoitMAxci: or iiir .\n.\i.yti< ai. Pmx r.ss. 


^ potasli appar.atus, then th(‘ chloride of cnleiurn tube. 

U'ce about 0-35--()-(; grm. of the sul)stancc under e*xaminaiion (more 

tiiho *^’ weighing 
with ‘ longer warm, .and weigh the latter accurately 

liiowii weight ol the empty tulie being approximately 

aiialv ’' ^ hike the right tjn.antlly of substance required for the 

b s'* . 1 t'die then with ;i smooth cork, covered with tin foil, 

nio wheel ol glazed p.aper upon .a c‘l(‘an tal)le, .and place the 

"arm y "'‘ban mortar on it. h'insc l)oth tlu* mortar and the still- 

lill tho**-*** i**^^*^-^*^ with a litth' ol' the warm oxide of copper :f then 
iidiicr t|,?r h» h (see lie'. 10 1) with oxide of cop])er, either 

take u]) the oxide with, or tran.sli'rring the latter 
'*“*1 a ti^'^ ^ ^ tul)e with tlu* .aid of a small warm copper funnel 

'['per fro ^Icrman silv(‘r. Tr.insli*r a portion of the oxide of 
tJjn 11 ^' tube to the inort.ar, add the substance intended for .analysis 
ag fa****^^ htbe ill wliich it has been weighed, bdving care to shake 
^ as practicable, the hist adh»*ring p;inicles of the subsUince; put 


at leaat^w^ taken that no p.articlos of the substance adhere to the sides of tlie 
'• aoi at the top, 

1* The o.\ido which has served for this purpose is put by. 
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by the empty small tube carefully, as you will have to reweigh it, 

^the substance and the oxide iii the inortjir’inoat intimately togotiior, inlii,,, 
care to avoid a too energetic pressure upon the pestle ; add to the 
nearly all the oxide of copper still in the tube, leaving only n luvor „i 
about a or 4 cm. in the latter ; and mix the whole togethcir. Take il„ 
pestle out of the mortar, shaking off as clean as possililc the inlniup 
particles of the mixture adhering to it ; transfer the greatest 'part of ili,; 
contents of the mortar to the tube, em])loying the latter itself for tin- pur- 
pose ; place the rest of the mixture on a smooth card, and pass it liomfui; 
into the tube ; rinse the mortar with a little more oxide of coppvT Iroui 
the crucible, and put this also into the tube, which will now ha fiili m 
al)0Ut a (tig^ 104)-, till up to within 3 or 4 cm. from the mouth witk pmo 




j 


Fig. 104. 

oxi<le of copper from the crucible, and close the tul)c tcniponirily witli a 
dry cork. The reason why the operation of filling the tube is (■oniiartol 
over tlio sheet of glazed paper is that, .should any of the mixture hcspillol, 

this may be rea<lily recovered.* ^ < 1 1 

0 . A few gentle taps on the table will gcm'rally suflicc to sliaio; tepniiu'r 
the coiilcnl/of the lube, so as to completely clear the tail from oxide of 
copper, and leave a free passage for tluj cvolvrsi gases from eml to oiol. .0 

si ‘own bytlic singling in the cut. Sin.uld.this fiiil, as will occasuma ) 

haiipcn, owing to malformation of the tail, the object in view iii-i) 'o 
attained by striking tlic moutb of the tulm several times 
of a table. I'lacc the tube now in the wooden trougli U I'g’ ' 

connect it by a cork wit), the chlori.le of calcium tube ^ 

again with an e.vliausting syringe. Surround the coiubus ion i ^ ^ 
whole length witli Imt sand, and pump out the air sAuc/// (quieiv . 

cautions })umping might cause a ])ortiou of the 

chloride of caleimn tube). < )p.ui the stopcock u, to admit a Irm 1 ^11 • , 
of air, which is compleUdy drie<l m its pa.ssage through 
calcium tube; exhaust again, remimit fnish air, and repeat I’ 
alternate e.xhauslion and rca<lmission of air 10 or ‘ 
insure tlic jH-rfect removal of the moisture which the oxide 01 cqi 
have absorbed during tlie oiieratimi of mixing. , . 

d. tluniiect tlic end b (fig. lUO) of the weighed chloride 0 • ^ ^ 

with the combustion tube by means of a driml pcrloratni ibc 

funiaec upon its siip]K)rts, with a slight 

combustion tulie in it; coniumt the end /I of the di oridc 0 ^ 

by means of a vulcanized india-rubb(!r tube with the end n 
apparatus, and, if ncccH.sary, secure tlio coimcxioii with si 

• InG. J. Mulder’s laboratory I saw the oj>cration 
forent, but certainly not less judicious way. j'« ^ «n.all copp^*' " ; 

i„ a remrt bolder, and tl.o mixture, winch had ^ .rt of th« tat ' 

filled in through a smooth, warm copper funnel. least 20 

filled with granulatetl oxide of copper, m a tightly-packed lays » 
the carrying away of any oxide hy the gases is pmvided against y 
or copper turnings. Oemp. Zeitschnft f. anal. them, l, h 
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pare to press the joint of the two tlmmhs close together whilst tightenin 
tlie cords, since otherwise, should one of the cords happen to give way, th 


I > 






1 ' ' P'il ''m 


r/- 


wnoio apparatus might bo broken. Ivost the potash apparatus upon 
|(ieee of cloth. Fiir. 106 shows the wliole arraiiireinent. 


, • ® ^^certaiu whether the joinings of the appaiTitus fit air-tiglit, put 

of •'ibout die thicl viiess of a finger (.s), or a cork or other body 

bul/^f l>ulb r of th(‘ potash apparatus, so as to raise that 

bot ^cl ^h'at tlic bulb /a, by holding a piece of red- 

apn-ir until a C(u-taiii amount of air is driven out of the 
cool^^'^ fpi’ remove the piece of wood (s), and allow the bulb ni to 
^ore solution of potassji will now rise into the bulb 7/i, filling it 

tljg the licpiid in m preserves, for the space of a few minutes, 

tbe joiif^ ^diich it has assumed aller the perfect cooling of the bulb, 
?raduall*^^^ considered jierfect ; should the Iluid, on the other hand, 

y regain its original level in both limbs of the apparatus, this is a 


^ cr:? 
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positive proof that the joinings arc not air-tight. (Tlie few niimifes wlii,.], 
k'lapsc between tlie two observations may l)e advantageously 
rtnveigliing tlic little tube hi which tlie substaiiee intended Idr anjiljyj 
was originally weighed.) 

/’. Let the mouth of the combustion tube ])rojeet a full inch hcyoiidtlie 
furnace ; suspend the single screen over the anterior end ot tli(‘ liiinace, as 
a protection to the cork; ])ut the doubh; screen over tlu! coiiibustion tiilio 
about two inches farther on (see fig. lOd), replace the little piece of wood (n) 
under y, and put small j)ie'ces of red-hot charcoal lirst under that jiertion of 
the tube which is separated by the screen ; .surround this poitidii gradually 
altogether with ignited charcoal, and h;t it get red-hot; llaii diili, ilu; 
screen an inch llirther back, surround the newly exposed jiortloii of ilie 
tube also with ignit(;d charcoal, and let it -get red-hot ; ami ])r()('C( (l in this 
manner slowly and gradually extcaiding tlie apjilication oi heat to (lie (ail 
of the tube, taking care to wait alw.ays until tlie last (‘\])i)S('(l portion is rod- 
lu)t betiire shifting the scremi, and .also to maintain the whole 
in\[)0.sed portion of the tufie before tin; .screen in a st.ate of ignition, aiiailio 
ju’ojecting part of it .so hot tluit the fingers can hardly bear (he shortest 
eamtact with it. The whole proce.ss reipiires g-ener.ally fi'oin J to 1 hour. 
It is([uite supei'lluous, and even injudicious, to Ian the charcoal eonstantly; 
-- -this shunld be dom; however wlien the jmoee.ss is drawing to ;m end, as 
we sliall immediately have oeeasion to notice. 

d'he liipdd in flu* potash bnlb.s is g'ra<lually displaci'd Irojn the luiH) w 
upon the application of heat to the anterior portion ol tin; eoiiihiislluii 
tnbe, owing simply to the expansion of the healed .air. \\ hen tlio luat 
reaehe.s that portion of oxide of copper which lias been used to I’iii.se iIk; 
mortar, a little* carbonic acid and aipU’oiis vapor are evohetl, wliieli drl\c 
out tliii whole of the air in the ajiparatiis, ami lorce it in large hiilihks 
through the poUisli bullis. The evointioii ol gas pro(' 0 ods with gieater 
briskne.ss when the h<-at begins to reaeli tlie actual mixMirtg tliy Jmt 
biildiles are only partly ab.sorbe<l, a.s the earlionie acid cmiUiiins stl <ai 
admixture of air; but th(,>se which liillow are so c(Hii[)h'li ly ah.soibo '} 
tlie* potas.s;i, that a solitary air-bubbh* only e.scapcs Irom ti'>"‘ f*"'*- 


tlirongh the liquid, 'il’lie process should b(M*onduct(‘d iiiamanma 



to Tiiidve 

the ga.s- 1)1 1 bbh's follow ('aeh otlifw at inteivalsd 
Ifom’ }, to 1 .second. Tig. 107 slmws iho ]>ro].er 

position of the pota.sb bulbs during ll"‘U]>watinir 

It will be seen from this that an aii^ 
Imbble entering through in pa.ssos lirst intc tn^ 
bulb hy tln'iiee to c, from c to d, ami jiassing 
tlie solution in tlie latter, escajics fina ) | 
the Indb /\ through the fluid which justco c 
the mouth of tlie tube c. , .i, 

)/. When the tube 'is in its 
surrounded with re<l-liot (■liareoal, niui UK _ 
liition of gas has relaxed, Ian 


Fig. 107. 


coal gently with .'i piece ol pasteboaui- 


, 1 , 


the evolution of gas has entirely jp,„i 

the position of the potash bulbs to a level, remove the clwuc. 
tl.fi fartlirT find of tl.o tube, arid pliico llifi 

ensuing i^ooling of the tube on the one liand, aiu ^ potivssi 

nart.^.nic acid in the petaah bulba on the otlier, canac t .o ao > 
in the latter to recode, alowly at llrat, but wiUi increased rai.w ) 




Fig. 108. 

Tl " • 

‘‘'I'l analytical jirocoss. Discoiinoet llic potaj^h l)iill»s 

>'0i3t calciuin luht', tooctlu r with riic cprk, which 

fj-Q,! ^‘lauTcd, iroin lln* coinhustion tube; remove the cork 
"■'tliilie i n ^•alciinn tube, .-iml ]ii|co the latter upright, 

potash hulh* aj)w;ir(ls. Alter the lapse of half an hinir, weigh the 
‘‘^ults obtaij ^’^^^oridc ol’ ealeinin tubo, and then ealenlato the re- 

*^^>ey m.(3 generally very satisfaeUny. As regards the carbon, 

cent ) fK ^ absolntidy accurate, rather somewhat too low (about OA 
^^oiirce.^ The carbon determination, iiuleed, is not free 
^^^^uracy ; hnt none of these interfere materially with the 

bv . 1 ^ ileficiemy arising from the one is partially 

passes t] arising from the other. In the first jdace, the xair 

trough the solution of potassa during the combustion, and 

U H 
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fiiiiilly (luring the process of suction, carries away with it a miniii,. 

. o nioistnre. The loss arising from this cause is incrr.ascl il-.Z r* 
of gas prowcds very briskly, since this tends to l.eat the soltili,,,, uf 
ri"i! “ or oxygen passes tliroiigl, the i«fasl. l,„|Ls 

§ '»1<1 § 166). Tins may lie remedied, however, by (ixiuj, „ ' 

on, of the latter a tube with solid hydrate of potassa or soda.li,,," 
hulbs and tins tulie liemg always weighed togciber. In tlie sccoiid hi,,,, 
tracoa nl carbonic acid irom tlic atiiiosjiliorc arc c.arricd into ihc 
ajiparatus in the final iiroccaaol’ suction ; this may be remedied by 
mg the tail ol the combustion tub(‘, during tlu; operation, Avitli ;i tuW 
containing hydrate of potassa by nit'ans of a jierforated cork t.r floxil,!,. 
tube. In tlic third place, it happens frecpiently, in the analysliuif siil, 
stances eontaming a consuhTable j.roportion of wator or of liydn.ovn. 
the carbonic acid is not absolutely dried in passing through the (■lilo(i(lp„f 
ca cium tul) 0 ; thi.s may bo remedied liy fixing behind flie clilontltMif 
calcium tube, a tube filled with a.sbestos moistened with suljdmric acid. 

As regards the hydrogen, the results are somewhat too liigli, i,n ;iii 
.ivmage about ()•! t() 0*1;) per cent.; this arises prineijcdly (rein llic cir- 
curnstaiic(‘ that the air jiassing through the apparatus during- the final jno- 
eess ol suction (‘onvey.s a little moi.sture into the chloride of ealeiiini tide; 
lUt this may be readily reme(lied by i-onnecting the tail of the com- 
bustion tube with a tube containing hydrate of potassa. 

I must, howevm-, expressly remark that, in most ea.sibs, it i.s perfcctlv 
supertluous to make t.h(‘ operation more complicated f.r the purpose ..lm]Jy 
of corri-cting these defects, more j.articiilariy as we know from iiuiiimcrahlc 
ox])(>riments the exact limits of the inlluence wliieh they may exercise upon 
the accuracy of the results. 


J. JiuNSKN s Modification of LiKiiiCi's method.* 

§ 175 . 

The e.s.sential point.s of tliis luodilieation are, that tlie oxide of coppef i> 
allowed to cool in a closed lube or flask, and that, instead ol' heing mi.xel 
with the sub.stanee in a mortar, it is transferred at onn* to the coiiihiistion 
tuhe, and the operation ol' mixing <-ireeted in the latter, hy which 
the ahsorptioii of moisture from tlie air is elleetually guarded against, ninl 
the applieatimi of the exhuu.stiiig .syringe dispensed with. 

This rmalitied jiroee.ss is more particularly suitahle liir the analy'^is 
higddy hygro.scopic bodies and sulistances wliicJi cannot W'd b 
mixed with warm oxide of copper without risk of (leeoiiipositiom 
7 he dried .siihsbuice is weighed in a tuhe of tliiu glas.s, ahunj 
20 cm. long, and ol about 7 mm. iutiu'iial diameter; one ' 
thiH tube i.s closed by fusion, the other, during the openiti^'^ 
weighing, witifl smooth cork. 

Bcshlcs this weighing-tube, JJunskn’s method reqiiiia’S) 
Likjuo’s, a combustion tube, potash bulbs, chloride of 
tube, connecting tube of vulcanized india-rubber, pcrlonitoc ua 
siietioii tube, condju.stion furnace, and oxide of co[)per (see § ^ ^ ^ 
and, in addition to tliese, a wide ghiss tube sealed at one eii^ i 
flii.sk (fig. 100), in which the iruslily ignited oxide ol co[>pe‘r 

Kolhe, Tr»ndworterbuch der Cheraie, Supplemonto, 180; A. Strecker, 
edition, I., bo2. 
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allowed to cool, and Irom whioh it is transforrc<l to t.lio combustion tube, 
gcciirc from the possildc absorjition of moisture from tlie air. ’ 

The fre.s]ily ignited and still quite hot oxide of co])j)er i.s transferred 
flirect from the crucible to this filling tube, or fla.sk, v/hich is tlien closial 
aii'-ti^lit With ti coik. It s<iv(‘.s time to till in at once a su(li(*ient (juantity 
of oxi(io to last for sevenil analy.ses. If tlie cork fits tight, the contents 
ovill rcniain several days fit lor u.sc, even tliougli a portion has been taken 
out, and the tube reiieatedl}^ opened. 

The filling of tlie combustion tube is efTected a.s follows Tlie per- 
fectly dry tube is rinsed with some oxide of copjier; a layer ol‘ oxidc' of 
(o|)])or, about 10 cm. long, is introduced into tlie posterior end of the 
0(11111)11.^511011 tube, by imserting the latter into the lilliiig tube or iiask eon- 
lainiiig the oxide of coj.per (fig. 1 10), liolding botli tubes iii an oblique 
ilirectioii, and giving a few gentle ta])s. 

\ 

Fig. 110. 



The tubowitli tlio suVistanco has been aceuratidy weighed .shortly before, 
t'gether Avltli tlic c{)rk. After removing the cork eantionsly, to/ jirevent 
die .slightest lo.ss of substanee, tlie* open end of' tlie tube- i.< inserted as de<'p 
pos.sible into the eombustinn tube, and the re<piisite (piaiititv of sid)- 
‘Stuia* poured from it, by giving it a. few turns, ])r(-‘ssing the rim all tlie 
'' *' e gently against t iio upper sid(‘ of the eombustiim tulug to jireveiit its 
O-'iiiiiig into eoiitaet with tluA powder already poured out ; the two tulios 
‘‘'’b 111 this iiianipulallon, held slightly iiieliued (see fig. HI). 



Fig. 111. 


siifTieient quantity of the substanee lias been thus transferred 
. Aveighiiig to the — ' - -• - - - - 


liori, to tfio eombu 

a . ^ ‘l«wnward.s. Jf the lit 


combustion tube, the latter is restored to the 
to the former a gentle inclination Avith the 
•Mhw t Ji me little tube Is uoav slowly AvithdraAvu, with 

huvin^r'tV^^^ ^ powdetj near the border t>f' the (filing falls back into it, 
^'^•rked the cork. The tq^b is tlum immediately 

^'k)sed Avith comluistiou lube ahso being meaiiAvliilo ke])t 

T^^mtitv ^tu'k. The diflerenci' bet.Aveeu the two w^ghings shows tlie 
lube, transferred from the weighing to the combustion 

to G ugaiii opened, and a (piautity of oxide of copper, 

to ri ^^‘‘*''‘^TeiTed to it from the filling tube, or H ask, taking 

^'des oftj Particles of the sub.stanoo still adhering to 

*^xicle of There is lioAv in the hind part of the tube a layer 

ivf ^ni. long, with the substance in the middle. 


iTi 


next 


operation is the mixing: 


this is perfunued with the aid of a 
II H 2 
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lon^ bright iron wiro, with a ring for a handlo at ono end, and poiii((il;|,j,| 
twisted corkscrew lasliion (with a single twist) at the other (s(;e tig. Hjj 

Q 

Fig. 112. 


Tlie wire is pnslied down to the end, and ra])idly movf'd aliom j,, ,,][ 
directions. A lew niinnt('s snlliec to ellect jicrd'ct intennixtiin ; S()[)(T[;ri 
indeed, in tlie case of pnivernlent snl)stanc<'s which do not caki.. lluit ,],,, 
minutest jiarl ides can no longer ho. distingni.died witlj the naked eve. Tie 
coinbnslion is cflected as in § 174. 

/h DilJiviiUhi ooiiihii.<tihli: nnn-rohilUc hoillea, e.y., nuimi rrsfuoii^ nn>l 
€jir<H'tirv iiKiUcrs, coo/, <4c. 

Tf .substanc(‘s of the kind are analv.sed by the im'thods given in 171 
and 17;'), minute* particles of carbon .are liable to esea])e coinbustinii. To 
prevent tliis, om* of the following methods is re.sorted b) : — 

1. CoMi'.rSTfON WITH ClII.'OMATi; OF OU WITH (TIlaOIATi; (11 

Li:ai) and I>I(TIi:omati; of roTAssA. 

§ no 

Of the ap]»arafns, Ac., ennin(‘rat<*d in ^ 171, all tire r(a(ii!iTd excci't 
oxide of co]>pcr, whi(“h is here re[)l.ae<*d by clironiatc! of lead (§ Oi, 2). A 
narrow combustion tube may be .selected, as I'hroniate ol' kad cuiil.iiiis 
much largci* amount ol’ av.ailable oxvg<‘n in an ojiial 'solnnie lliaii oAitkoil 
copj)er. A (pianlity of (ho chromate, more than snirudcnt to till tliu o'lii- 
bustion tub<‘, is heated in a ]»latinuni or ])orceIain disli o\ cr a I'r 
JjFKZia.irs l.am]>, until it begins to turn brown ; before lllling i' 
the tulie, it is allo\\(Ml to c.oul down to 1 bO d and even belew. b"' 
j)rocess is conducted as the one dcsci ibed in § 171. ll wa.'^ Icrin' 
bdievi'd th.at whi-n chromate of lead was u.se<l the ;ij)plie;itleii el b' 
ex'hausting syringe to the wanned tnlx* might be omitted, as tlie kail 
was considered to be non-hygroseopie, at most liir le^s hygi'iecepic lk"‘ 
the oxide of coppm*. l>ut siiu'e IA.’Ii.mann* h.-is slmwn tiiat lids 

is ungrounded, and that, on tlie contrary, cbroinate of lead attracts 

equally rapidly with oxide ol’ copper, wo have no longer an}' reason kr 
ncghicting the u.se of tlie exhau.sting syringe. j. 

One of the prin<d|)al advanl.agi-s which chromate of lead lias ovci oki'^^ 
of copper a.s an oxidizing agent, being its j)rop(‘rty of (using ataioi 
heat, the temperature nin.st, in the la.st stage of the process ol 
bo rai.s('d (by fanning the chanaial, Ac.) sufliciently high to 
contents of the tube ('oihpletely, as fir as the substance extends. 
the (inferior erid d' tln^ tube to (ho .same degree of intensity we” ‘ 
judiciou.s, since Hi! chromate of lead in that jiart would then; 
porosity, and thus also the power of cllecting tlie 
products of decomjiosition which may have e.scajied oxidation m 

parts of the tube. ^ _ r ils dciek 

As tjie chromate of lend, even in powder, is, on account oi • 
by no rnean.s all that could be desired in this latter respect, it is pi’^ 

• Jouni. f. prakt. Chem. 81, 180. 
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,0 till tlie anterior part of the tube, instead of witli clironi.'itc of lead, w ith 
pulverized strongly ignited oxide of co))[)er, or with copper 
^luniii'^s which liavc been superlicially oxidized l)y ignii.ion in a nmllle 
jr in H crucible with access of air. • 

111 the case of very difficultly cond)ustible substances — ejj.^ graphite — it 
is (.Icsirable that the mass should not alojie lanulily cake, but also, in the 
last stiigc of the ju’ocess, give out a littk^ more oxygen than is given out 
liv c'liruiaatc of letid. It is therefore atlvisable in such eases to add to the 
latUT one-tentli of its weight of liised and powdered bicliroinate of |)ota.ssii. 
^Vitli the aid of this addition, comjdete oxidation of even very dillicultly 
ojiiihustihle bodies may be effected (liiKimj*). 


2. CoMlUISTION WITH OxiDE OF (hilM'EU AND ( 'll I,oi> A | i; oi: 
pEUClILOltATE OF PoTASSA. 


§ 177 . 


This inetliod requires tlu; whole of tlu' ap|)aratus, Ac,, enumerated in 
Ij 171 or § 175, and, in addition, a small (piaiitity ol‘ chlorate of |)Otassa. 
The latter substance is freed from Avater by heating to the jioiiit of fusion, 
allowed to cool, and then laHluced to a coarse ])OAvder, Avliich is kc})t in a 
warm jilaco until required for use. 

The process is conducted as in § 174 or § 177), with this dilferenee, that 
the layer of oxide of cojipcu- in the posterior end of the tube is made about 
i) cm. long, instead of 'A or 1, ami is mixed bv agilalioii with about one- 
ciii'hth (3 or 4 grm.) of chlorate of potas.sa ; a laver of 2 lau. ol’jcire oxide 
"I copper is placed between this mixture and that which contains the 
siihstanoe to lie analysed. When, in the subseijuent heating of tlic tidx^, 
y>ii approach tlu' pai't occupied by the mixtuia* containing tlu; chlorate of 
I'otassa, do not liiil to use the grcat<'st caution in laving on tlu' (di:ircoal or 
turning on the gas, so as to insure the ver\ gividnal dVconqtosition of the 
chlorate; since, if you negh'ct tliis prccanl ion, the inqietnons rusli of the 
rCis will small portion of the .st>lntion (d’ [lotassa, thus vitiating the 

tcialysls altogcllier. 

1 ho oxygen liberated from tlie eblorate of potas.'Ci drives tIuM'arbonie 
•fid belore it, elfcels tlie etnnbn.'^t ion «d' lie- nneoiisnnicd particles of carbon, 
‘•■id oxidizes the reduecal eojipm". ()xA g«‘n gas ean therelore e.-^eape through 
bf- potash hullis only Avhen all tliat is oxidi/.able in the tube has been 
••xidizod. 


til the last stage of the process of comhustioii, a large (piantity of gas 
111 this Avay jias.sed umibsorbed llirough the potasii bulbs, it is uii- 
tiib break otf t^ie point, and ilraw air through tlie combustion 

^ ^ f) as the latter contains iioav only oxvgen, and no longer earbonic acid 
’^^‘^por. But tlirongli die Vliloride of ealeium tube and the 
''' 'tdi bulbs, airf must he drawn, as these parts of the apparatus would 

b n V potassa di'compo.ses Avith a certain dc'grt^jf violence, Avhich 

,r ^ with perchlorate of pota am. The latter salt, prepared by 
I'lotio^ 1^^^ |c)rmer, may therefore bo used instead of it, as Bfnsf.n has 
posed. fused and still hot jierchlorate is introduced into the 

published a series of most successful experiments made Avith this 
method (Annal. d. Oliein. u. Pharin. D5, 204). 

T Air dried and freed from carbouio acid answers the purpose best. 
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fjirtlier end of tlio tube, a, loose plug of roccfltly ignited asbestos is inseii,,,] 
and the tube then lilled in tlie usual way. If Bunsen’s niodc! uC 
(§ 175) is ad()[)ted, perchlorate must always be used in this met, hod iii.t,-,! 
of chlorate of potassa. 

As the dry oxygeei gas passing through the poLisli luilbs (‘urries awav ^ 
little aqueous vaj)or from the solution ol'potassa, it is advisable to (oniioa 
the exit tube of the bulbs by a cork, or a tube ol' vulcanl/ed iiidia riil.l,,) 
with a small tube h lied with hydrate of potassa, the bull)s aii<l this litih 
supplementary tube being always wtdghed together. 

‘3. COMRUSTION WITH OxiDE OF Cori’EU AND OxYGEN CaS. 

§17H. 

Many chemists deviate, in the analysis of organic bodies, from fiio 
methods descrilaed in the pr<‘ceding paragraphs, and cflect the (’oiiihii>- 
tion with oxide ol’ co])per and oxygen gas, su])plied by a gasoiiiGiT. 
Hess, Dumas and Stas, Kkdmann and Maechand, and otlurs 

hav(; proposed mc-lliods based u|)on this principle, Avhich they employ nut 
oidy for the analysis of dillicultly (-oinlmstible bodies, but also to cH’o-t 
the det(?rmination of the carbon and hydrogen in organic, sidistanoes in 
general. 

As these methods requin* a ga.someter lilh!(l with oxygen, al.so eerliiin 
arrangements to dry the oxygeti conijtlebdy, and to free it fi’oiii (■.•iLhonii' 
acid, it is evident that tin* apparatus must be more- complicatr-d tlmii tli.u 
of V. Lieiug, or liuNSEN. The .‘q>plic;ition of tlnnse mi-tliods is gencialK 
resorted to in case-s where a nundter of ultimate analyses hav(! to he innd' 
in succession; and als(j more j)articnlarly in the analysis of snbstmios 
' whicli cannot lx* reduc(Ml to ])o\vdcr, and do not admit therefore ol intnniitf 
mixture with the oxi<le of copjM-r. 

Hess, and Kkdmann and Makciiand use spirit of wim* to Ixmt the cen 
bnstion tube. Fig. lid represents the aj»paratus employed by Ib^ss, bn-' 



Fig. 113. 

is frerpiently employed. The heating may also bo very coiuuia 
effected with the (diarcoal combustion furnace, fig. 08, p. daO. 

Tlie nature of the fuel u.sed is without influence on 
the furnace alone being altered; the accuracy of tlie resvdts 
the same with the dilTereiit sources of heat employed, provided, o 
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that the heat may be regulated at will and carried to a proper degree of 

intensity. ^ ..... 

I, In Hess’s appanitiis aa is a trough half filled Avilh spirit of wine, 

ivliich, in proportion as it burns, is rcjilaecd from the bottle (\ through a 
tube opening below the level of the spirit of wine; hh are wiek-hohlers 
made of tin, Avhieh contain broad flat wicks. They are nearly the ])rea(lth 
of the gutter of the trough, so that they may be moved to and fro in it. 
ilfhve screens, to confine the heat .and promote the draught. The eonil)ustion 
tiilm cc, lies in a small gutter of sheet iron, upon a layer of calcined magnesia. 

/] is a gasometer with oxygen (§ flO, d) ; the cock e is eonnecl('d by a 
bru^is tiihc with the bull) apparatus /‘, which contains concentrated suljdiurie 
[U'id. The handle ol‘ the cock is moved by means of a long h>ver, which 
'rnatlv facilitates the adjustment of the .stream of gas. The br.iss tube is 
bitcraily connect'd with a gasometer containing atmosjiheric air; this [)art 
of the apparatus is omitted in the cut. The tube // contains solid hydrate 
of potassa. ; it is lietter to h.ave tw!) or three of such tubes, rc re])resenls 
the comhustion tube, which is about hO cm. long, and open at both ends. 
Tills is conne(.*ted, by means of jierforatiMl corks, at the posterior end with 
the ])Otassa tube, at the anterior end with tlic chloride of calcium tube h : 
(is a potash apparatus; k contains solid hydrate of potassa. 

Fig. Ill represents a very judicious arrangement of the apparatus for 
cleaning the oxygen and air. u contains concentrated solution ol potassa. 



1 he current of oxygen or of air is regulated in the most convenient manner 
the screw eompression-eoek, l> or r. '^Fhe gas pas.-;ing out at (/ traverses 
throe IJ-tnbes in a(|||pcession ; r is filled Avitli grannlated soda-lime 
J 'vith pumice saturated with snl]>]uirie acid ; and </ with solid hydrate ot 
l’"><iHsa. If potass.A solution be renewed from time to time, and the 
6, c, and h be closed after use, the #pi>aratus will retain its activity 
considerable period. _ A 

le ignition of the oxide of <’o])])er is oflFectod in tnl^ibe. To aecom- 
this, a tolerably dense stopixu- of copper turnings is inserted into the 
'''‘torior end, the tube being then filled* to two-tliirds of its length with 
of copper; the posterior orifice is then joined to the cleaning 
'Tparatus interposed between the gasometer and tlie combustion tube, and 
bibe heated to gentle redne.ss in its whole length, whilst a sIoav current 
^ atmospheric air is conducted tlirough it. Atler complete ignition has 
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been cfToctol the fire is extin-nislied, the anterior end of tlie ,■ 
tube, wh,eh has up to this time remained open, is eoinieete.l " 
ninveighcd eltloride ofealeinm tube, ami the ignited oxide allon,, 7 "I 
m a slow stn'am of atmo.s|)heric air. When the tube is eold it ; 7 ’ 
at tlic posterior end, tlie siibstanee introduced into it willi tiie-ii,] nf ?" 
tube (compare § 17b), and ipiickly mixed with tl.e oxide by mi.di, ' ' ''' 
iron wire with twisted end (see fi- ] |2, p. .[(hS) - tlie alter inrf t ' 

tube or tiask shown m hg. 1(1!), p. 4(;(i; a Ihw gentle taps o,, , 

sillhec to shake the contents ,lown a lillle, leaving a clear pass,.. v I,,,,, 
Ije postenor end of the tube is then again conne,.,ed Jill, 
chlondeot calennn tube, alhx.sl to the front of ho con,l,nstio„ uL.l„ . 
he eoohng exd,ang,td 11, r the one .narked /,*, which i.s aeen.atelv ,v,.i..l,d 
1st, and to winch the weighed apparatn.scs /;m,l /■ aie also joine.l, ' 

1 lie cock, c, (ol the o.xygei, gasometer) is now ojiciied a lilde s„ 
the gas may ptcss a very slow current throng), the apixn-atiis ; il,,. 
is then .snddenly tm-iied oil; and the level of the llni,l i„ ||,e t,vel„il, 

to., I hat a I tint joinings are ait-tight, .\fter this, the anterior pnrhn.i .,f 
the tube i.s heated to rediie.ss, as liir as the laver of pure oxi.le of 

e.xteml.st the stime ,s then done with the liirther part als ll.r i.s lie 

ajei ol pure oxide ol copper extend.s, tlm corks at both eiiils of tl,,.. tiil.r 
ynig protected by screens, as well as al.so the part eontainiiig the inixtim., 

A very slow enrrent ol o.xygen gas is transmillcd all the time tlirmivli tk' 
apparatus. 



Fig. 115. 


The part of the tnhe containing the mixture iilhon also licatcil, iwf'l- 
s ()\v^ y nmi tlic .‘interior to the posterior part. 'I’lio slrcaui oi 
ga.s IS gradually incrc;iscd, but never to an extent *to allow tlie oxygen to 
■cape u’oug 1 t^^oL'isIi bulb^ i. When the tube in its wiiule 

and cork which connects h with the conihustion tube, Kidnumn 

fonted n rlr • it With lead-foil, in the following inuiiner; tliu butLoin of tiio F®'’' 

i.niilcHr 1 piece of Icad-fk>il of the requisite si/o, arid the 

it mi n f '‘T of the cork. The f.>il is tliei. pieicj'* 

of t perforation of the cork, hy turning the niirro'^‘'“^ 

L'wtlv Crdciurn apparutu.s wmtiously into the latter from the hotton, 

Darsedd 1 ^-*" withflrawn an.l turned in from the top. In this way the tube i=i 
passed th.ough, in most cases, without forcing off the lead-foil. 
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lit a rod heat, and the; evoluti^ of gas lias ceased, tlie cock is opened a 
little wider, and the transmission of oxygen continued, imtii at last, when 
the reduced oxide of eoj)p(;r is comjihstely reoxidized, the gas ’be.rins 
to escape imabsorl)ed tlirough tin; potash bulbs. Tlie cock of tlu; oxygen 
^;iS()inoter is iiow sliiit, whilst tliat of t]io air gasometer is ot)ened a little ; 
tlio eoiiibustio^n tube, are allowed to cool in a slow stream of .atmo- 
i^liheric air. The chloride oi' ealeium tulie, and the ])ota.sh bulbs with the 
jiotassa tube joined to th(‘m, are then Aveighed, 

A very grcsit advuiitage Ilf tills inot,lK)<r('(.iisisl« in Oils, tluit tlm rr, in- 

1, iistion tiilin, after tlie tenniimtion of tlic lii-st, is iiultxi naily I’or a seeoiid 

h. 'flic combustion of most sulistances 
may be cUbcted also without mixing with 
^ oxiiie of copper, by introducing the .sam- 
^ into a jilatinum, co[)])er, or jiorcidain 
^Ib). This method affords the 
advan^gc of enabling the operator to de- 
tnnincAt thc same (iim; any luiconsumed residue (ash) that m.ay remain 
I'fliiiid, 'wii'ch in soim; cases — in tin; analysis oi’ coals, for instance — is a 
great convetiience. The sulistance is weighed in the l)oat, inclus(‘d in a 
rorkod gla.ss tube. 

llie process of combustion istlien eondueted as folhnvs : — Introdnee into 
t K. .mterior end ol the tnbe a ])lng of cop])er turnings, tlien till the tnbe 
moxuh of copper, leaving ahont 20 cm. I’rco, and keep the oxide in its 
by puslniig ail asbest()s plug down iijion it. Ileal the tube noAV to 
uumss lu the eomluistion turnaee, p.ass a eurreut of^iir throngli it, to 
|^"“'H'all moisture, coniu'el, tlii' anterior (md Avith an unA\'(‘ighcd chloride 
^^■01 (111111 tulie, and let the ajijiaralns cool; tlicn push the boat containing 
^11 ^.miple (loAvn to the asbestos ])lng, and connect the aftcr-jiart of the 
"It i the jiiirifying apparatus intorpiosed lietwf'en tlie gasometer and 
r'liii lUstioii tnh(', the fore jiart Avith tlu; Avciglu'd chloride; of calcium tube 
bistl* potassa tnlic. J le'at the oxide of copp('r in tlie com- 

''»ii tube to rednos.s, and Avhcii approat'hiug llio part Avhi're the boat is 
^‘oek of the oxygen ga.somctia a little ; Avhcii tlie lioat lias 
^ i|< 1 1(3 coiiteiits (it the boat, tiroeeed wiih proper eautiou, and take 

little nor too miieh oxygen through the tube. 

^ t le eurreut at oxygam a little at last, aiul let tlie ajiparatus linally 
Hbll*^ 1^ • of atmospherie. air. 

tiili(' if is still easier tliaii Avith </ to use the eombu.stion 

'I'luiu J analysis imim‘diately ai’ter the first, as all that is 

'^'ihst n ^ piii'pose is to insert a iVesli boat witli another samrile of 
Thir’'’/f tlio Hle just removed. 

employed Avith great success by Wohler, Piria, 

‘ Ji'ld others, and also in my oavu laboratory. 

tlio fulloAviiig modilleations : — The combustion tube, 
cov C(Jfcd Avith clay and 

^*"bri()r brass-foil. It tlieii lasts 8 or 12 ^mibii.stions. Tlie 

-lues a e filled Avith granulated oxide of copper, then 

fiiiair^^ ^i^Pper-foil, to keep the oxide in its place, then the boat, 
tT^ ^^iperficially oxidized coils of coppcr-lbil. In making the 
sub '^^^brior jiart is first heated, tlien the posterior, and bust of 
^ ® vvliich has been jirotectcd from previous. hcatii;g by 

* Cimento. v. 321 ; Jiihresber. v. Kopp u. Will. 1857, 578. 
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screens. The weighed absorption a[)paratnses are connected with nii iis|»ir;itor 
with interposition of a protecting j)Otash tube; the as[)irator is iiitiMKioil m 
guard against the possi])ility of the escape of ciarlxjnic acid (hrou^li tin. 
cork joints by removing the j)ressure of gas from tlu? interior of iV 
apparatus. 

Clokz’s metliod will bo given by itself, § 102, in order tliat it iiia\ he 
described in a connected manner. 


y. Volatile Substances, or Bodies undergoing Alteration at 100“ [hmi] 
Water, for instance). 





§ 170. 

If substance's of this kind were analvsed as dire(?tcd 
§ 174, a portion of the substance or .some water would 
escape upon mixing with hot oxide of copper and the 
application of the (‘xhaiistitig syringe to tlie tiibi-, .sur- 
rounded as it is with hot sand; the results, thcrci()ro, 
could not possil)ly be accurate. And if, on the other 
hand, th(! mixing W(U’e eHi.'Cted in tin; same way with 
C(dd oxide ol’ copper, the mixtuia; would absorb an 
aj)procia!)le ([uantity of water. 

Tin' process is therefon; conducted either according 
to § 17o, or as din'cted ^ 17<S. Ignited ehroniaio u!' 
lead, cooled in a closed tul)e, may also be emjhoyod its 
oxidizing agent. 

As re^firds Clouz’s method, .see § 11)2. 
b . Fi.uid Hodiks. 


a. Volatile liqiiids {e.g., ethereal oils, alcoliol, Ac.). 




1 



§ IbO. 


1. The analysis of organic volatile fluids re(piir('.s all 
the objects enurneratf'd in § 171, with tin; exception ol 
the apparatus for w(;lghirig, nuxing, /ind exli.aiisting. 

4d)e coinbu.stion tube should be .somewhat longer than 
there mentioned; it .should have a length of 50 or tIO cm., 
aeeordiiig as the substance is h'ss or more volatile', d'he 
process nj^piiniS besides, a lilling tube or flask, as de- 
.scribed in § 175, for the temj)orary r(!cej)tion of tin; 
oxide of copper, and also several small glass bulbs lor pjV. IIS. 
tlie re<‘<'ption of the li<pjid to l)e analysed. 44n‘.se l)ulbs 
are made in the following manner: — # •. 

A gla-ss tube, about dO cm. long and about 8 inin. 
drawn out as shown in fig. 117, fu.s(;<l Alf at d, and A 
into a bulb, as .sliown in fig. 1 18. The bulbed part is then | ^ 
off at Another bulb is then made in the f 

^ third fourth, &c., as long as suflicicnt length of tube 
secure the bulb from beirig reached by the moisture ol 
Two of these bulbs are accurately weighed ; 
filled witli the liquid to be analysed, clo.s(;d by fusion, 

I again, d’lio filling is effected by slightly Inciting the 

a Jarnp and imrncrHing the point into the liquid to ‘^^ 'pplic 

Fig. 117. part of which will now, upon cooling, enter the bu 



V 




ORGANIC ANALYSIS. 


475 


§ 180.] 

iluid is liiglily volatile, the portion entering the still warm bulb is con- 
verted into vapor, wliich expels the fluid again; but the moment the 
vapor is recondensed, the bulb lills the more completely. 11“ the liquid 
Is of a less volatile nature, a small portion only will enter at lirst ; in 
such cases, the bull) is heated again to convert what h;is entered into 
vapor, and the point is then ag.iin immersed into the Ihiid, which will 
now readily enter and lill the bidb. The excess of flnid is (‘jcieted from 
iho neck of the little tube by a sudden jerk; the i)oint of the ca])iMary 
neck is then scaled in the blowpipe flame. The combustion tube is 
now prepared for the proe.cnss by introducing into it, from the filling- 
tube or flask (§ 175), a layer of oxide of co[)per occuj)ying aliout G cm. 
in length. Tlie middle of the neck of one of the bulbs is slightly 
.scratched with a file, the pointed end is (piickly Imoken oil', and the bulb 
and end arc dropt into the combustion tube (see fig. ll'J). Another 
layer of oxide of cop])er, about G — -1) cm. long, is then 
filled in, and the other Imlb introducml in the same manner 
as the lirst. The tulie is finally nearly filled with oxide of 
copper. A few gentle taps upon the tald(‘ .snfliee to clear 
a free passage for the gases evolved. (It is advi.sable to 
plaee in the anterior half of the combustion tul)e small 
lumps of oxide of eoppi'r [eonq). § GG, 1], or superlieially 
oxidized copper turning.s, winch will permit the Ifeo juis- 
siigo of the ga,ses, even with a narrow eliannel, or no 
channel at all; sinee with a wide ehanmd, there is the risk 
of vapors passing uneonsuined tlirongb the tnl)e.) 

Iho coiiibnstion of bigbly vulatih* snltstanees demands 
gmit care, and rcnpilrcs cerhiin inodilieaf ions of the common 
method. The operation eomimnua's by beating to redne.ss 
file anterior half of tlu! tu])e, which is s(‘]*arat('d from the 
rest by a screen, or, in the ease of* highly volatile snh- 
jjtmee.s, hy two screens; ignited charcoal is then ]>laeed 
'ohitid the tube, to heat the tail ami piuivent tlu' eoiulon- 
•’Utiun of v.apor in that part. A j)ioce of red-hot eliarooal 
now applied to that |)art of the tube which is occupied l>y 
f iefust bnlh ; this causes the (‘lllux and (n aj)oration of the 
^■Ontonts of the latter; the vapor passing over the oxide of 
. 'ddu^r siifTers combustion, and thn.s the evolution of gas eoininonces, which 
tieii inainUnned by beating vi'rv gradually the first, and after this the 
‘ e oiiib; it IS better to eomlnet the operation too slowly than too 
puc ' y. biidden heating of tlu^ bulbs wtnild at once can.^c such an ini- 
(jeet the flnid from tlu; potash bulbs, ddie 
'md r eiltire length surrounded wdtli ignited charcoal, 

dr ojieration eondueted in the usual way. If the air 

sure ^ app’aratns tastes of the analysed snbsUuice, thi.s is a 

2 complete combustion has not been eifected. 

curb ^^’nbustion of liquids of higli boiling poiii|||ind abounding in 

ethereal oils, unconsumed carbon is apt to deposit on the 
to reduced eojiper near the substance; it is therefore advisable 

kulbs^ intended for analysis (about 0*4 grm.) in d 

3 other in the tube by layers of oxide of copper, 

bulbs .^®*^^b)ustion of IgskS volatile liquids, it is advisable to empty the 
connect’ tieforc the combustion begins: this jp ejected by 

the filled tube with an exhausting syringe, and rarefying the 
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air in the tnhe by a single pull of the handle; this will sntTu'e to oNpiimi 
tile air-bubble in each Inilb sufficiently to eject the oily liquid idjum 
whicli is then absorbed by tlie oxide of cop[)er. 

4. If there is reason to apj)reliend that the oxide of c()pj)cr i 7 i;iv imt 
suffice to effect the coin])lcte condnistion of tlie carbon, the j'i’o('(‘,ss is tenni- 
nated in a stream of oxygen gas evolved from some clih)r:ite or ptrtliio- 
rate of potassa in the posterior part of tlie tulie (compare § 177). 

5. If it is intended to effect the combustion in the aj)])ar:itns (lesciilicd 
in § 17^! (in a current of oxygen gas) the bulbs niu.st l»e drawn out toii 
fine long jioint, and lilli'd almost completely ^vith the fluid, 'flio point j; 
then sealed in the blowpijie-flame, and the bulbs are transti'riod in tint 
state to the combustion tube. When the anterior and the iiirtlior fiid of 
till! tube arc red-hot, a {»iece of ignited charcoal is {»ut to the ptirt oociipiol 
by the first bulb, when the exqian.sion of the liquid will canso it to Inir^t, 
When the contents of the first bulb are coiisunied, tlie second, and after 
tliis tbe tliird, are treatoil in the same way. 4'liis inetliod will not aiiswtr, 
liowever, fur very volatile liipiids, as c.y., ether, on ace.ount of tin; explo.doii 
wliieli would inevilalily take jilace. 

(). The mode ol‘ elfeetiiig the combustion of volatile fluids afkT llic 
method of Cnofy., will be described § 11)2. 

ft. Non-i'oldtiJe Luff it Is (c.//., f'ltty oils). 



§ IHl. 

Tbe eornbu.stiou of non-volafile liquids is effected eilln'r, 1, willi ilii’O- 
mate of lead, or oxiilc ofeopijier and elilorate or perelilorate of itolas.si; or, 
2, ill tlu! app)aratus describeil § 17H. 

1. d’lie operation is eondueted in general as directed § 1 7(1 or ^ b o 
The sLibsUnce is weiglied in a small tulae, jdaeed lin' that jinrposc in n 'lu 
loot (.see fig. 120), and the mixing elVeeted as follows ;—hiiro- 
diieo into the* eombu.stion tube first a layer, about (I cm. l"'ig <’( 
cliroinate of lead, or of oxide of cojiper and ehloiale ol pot:oNi< 
then drop in tbe small eyliiidi;!' with the substance, mid IcUb 
oil eompletr.dy run out into tlie tube; make it spread ahoiit in 
various dircetioiis, taking eare, liowever, to leave the upl"* 
side (intended lor the ehannel) and the l(jre|iai't, to the cxknt 
of [ or of the length of the tube, entirely clean, fill 

Fig. 120. tube noAV nearly with chromate of lead or oxide ul cop]**-^^' 
which has previously been cooled in tlie lilling tube or 
taking eare that tlio little cylinder Avhich eoiitaiued the oil l)ecompibr .i 
filled with the oxidizing agent. IMace the tube iii hot sand, which, 
jiarting a high degree ol’ fluidity to the oil, leads to the pm’lect ab.soq<0'^’|J 
of the latter hy the oxidizing agent; ap[)ly tlie exhausting syriiipk 
nece.ssary, and (iroeeed w'ith the combustion in’ tbe usual wa). 
advisidile to select a tolerably long tube. Chromate of lead is usoa } 
be preferred. Jf^t is usc!d, a very inteiiso beat, sufficiently 
liise the contents of the tube, is cautiously a])])lied iu the last sUigt! 
jiroecsH. 

Solid fats or waxy substanees wliicli, not being reducible to p^ 
cannot be mixed with the oxidizing agent in tlio usual way, are Uoa 
a similar manner to fhtty oils. Tliey are fused in a smali weigdie* 
lioat (fig, 121), made of a tube divided lengthwise ; 


boat with its contents is weighed, and then dropped into the cou 
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tube, which has been previously filled to the extent of about fi eni. with 
chromate of lead, or with a mixture of oxide of coj)per and chlorate of 
poiassa. The substance is then fused ])y the 
application of heat, and made to spread about 
in the tube in tlie same niaiiner as is done 
with fatty oils ; the rest of the operation also 
licing condiK'ted exactly as in llie lattcn* case. Fig. 121. 

If clironiate of lead is empIoy(Hl, it wdll ])o 

foniid advantapfcous to add some bicliromatc; of potassa (§ 17fi). 

2. if it is intended to ('fleet the coml)ustion of fatly substances or othc'r 
bndic'S of the kind, in a current of oxygen gas, in the apparatus d(>fcribed 
in § 17<S, the substance is weighed in a })orc('laiu coj)j)er or ])lalinuin l)oat, 
which is th(-n inserted into the tnl)e, and tin' ptoslerior ])art of the latter 
filled with oxide of (‘0])])er, as din'cted above. The cond)Usti<)n must he 
conducted with great care. As soon as the oxid(‘ of copper in the anterior 
and the posterior parts of the tulxi is raxl hot, a piece of red-iiot charcoal is 
jiiittotlioparl occupied by the little boat. I’lie volatile prodiictsgciierated by 
the dry distillation ofthosubstama'biirn at the(*x])ensc of the oxide ofeopper. 

When it is jrercu'ived tliat the surface layc'r of the oxide of co])[)er is 
reduced, the apjdication of heat t(.) the suhstaiico is snsjumded for a time, 
and resmiK-'d only after tiro reduced eojrjrer is reoxidi/s'd in tlie strc'am of 
oxygon gas. (arc is finally taken to insure the complete combustion of 
the carbon reinaitiing in the boat. 

0 . As regards ('i.oi:/’s method, see § 102. 



Supplement to A., §§ 171 — 181. 

§ 182. 

1. ModIFIKD ApPARATU.S for TIIK absorption of CaRUONIC A(UD. 

. "■ h:iiiyahcrvitioiishaveb('('nsuggostod inv. luiaun’s potash bulbs. Pass- 
ili(i various transformations which have Ireeii but s))aringlv adopted, 
'dll (h'sci'ilio lici'c (iiassLKiiS ])otash bulbs only (tig. 122). Tlirs 
'fp-iialiis rcijiiircs iio support, the gas 
I';''Sos tlirlci' tliroi!):]) tire j)otash, and 
JoGioii of ihc! lattr'i' i.^ .aliirost imp<*ssd)le : 
ioi(.e it jrret'erred Iry many chemists. 

lilliiig and emj>tyiug of the apparatus 
ret td’ extreme simplicity. As 
the foriiuT, a is immersed in the 
tlie't' ap|di('d at /> ; as n>gards 

R])paratus is inverted and 
0 operator blows into (/, if necessary, 
hill] tJRT)t:R* lias reidaced the potash 

by a tokdly diifereut ab- 

r>l.iL' ‘d'pnratus, viz., by the a|)par;itu.s already de.scribcd, p. .*101. The 



Fig. 122. 


dtloride 


<d calcium tube is immediatclv connected wdth the system of three 


123). a contains small pii^'ces ofglas.s, (5 to 10 drop.s conccn- 
gj. ' ^^'dpliuric axdd, and at the top asbestos ])lugs. h is filled to ^ with 
^ soda-lime (say 20 gnu.), the remaining ^ (in the 2iid limb) 


Zeitschrift f. analyt. Chem. 1, 2. 
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contains chlorido of calcium (say 3 grin.). Lnsfly, c is filled wit], 
of hydrate of potassa. a and b are weighed together, c serve.s ;is a 

and is not weiglied. The su][)]iiiric 
acid tube servos to sho;v the rate ef 
tlio evolution of gas; it eotitaitis 
enough sidphurie acid, wlioii tlie 
lower part is Jii.st sto|)])eii up. |f 
the process goes on pi-operly, il,e 
weight of the tube does not increase 
more than 1 nigrni, ; generally llie 
increment is nnwanglialile. If [ho 
tube is clo.sed after nso with caout- 
chouc caps, it may be used over and 
over again. The snlplmrie acid pes- 
sesses the advantag(‘ over otlier iluids 
that it indicates wliether tlie (•oiiihvis- 
tion was complett' or not ; for in the 
123. remains colorless, in the 

second it becomes In’owii from tlie 
escaping hydrocarbons, and then the rr'sults cannot be ex|>('('te(l to lao per- 
fc'Ctly accurate. The absorption of the carbonic acid by the soda-lime Inbo 
is as rapid as it is complete; even when a stream of carbonic a(‘id is passing 
with ten times tlie rapidity usual in organic analysis, no trace ol the acid 
makes its escape. The absoi’ption oi* the carbonic aci<l is .ntti'iidcd with 
warming of the soda-lime; il' any water evajKU’ates Iroin the soda-linn', it 
is rehiined by the chloride of caieiuni in the second lindi. The corks (d 
the absorption tubes are, like the others, eoatod with sealing-wax. A 
tilled soda-lime* tube weighs about IG gnu. d’li<? lirst time it i-s used 
alone ; the second time the same tube is used, but. as a precaiitiotiai} 
measure a second similarly filled and separately weighed tiilx' is placca in 
front of it. The second tube rarely iiiereases in winglit, and unless it. 
the first tube can be used a third time — but of eour.se in connexion uiti 
the second. If the second tube h;is gained in the third npciation, tio 
fir.st tube is rejected at the fourth operation, and the sci'eiid is now UhC 
alone, A:c, If after the comlmstion a stream wf oxygen is 
through the combu.stioii tului, the tubes an; of course at the cml u o 
(uxygen. If, then, care !)• taken that the tulies are/ull ot oxygen 
weighing, the tnmble of the final transmission of air may be sa\e( • ^ 
weighing, MiiLDEU closes tlie ends of the gla.ss tubes with ca])S imu e ou 

of india-rubber tube. .,.|)Oiiic 

Mui.oer’s al).sorption apparatus is peculiarly suitable, when the 
acid is mixed with aiiotlier gas. It insures c.omjthite al>sorption, 
the evaporation of any water, and ofl’ers perfect^ security ui case 
sudden cjccurrence of a too rapid evolution of gas. 

2. Direct E.stimation of O.xygen. 

As already mentioned, the oxygen is, in the ordinary method ^ 
analysis, determined from the loss. Formerly a metliod oi ‘ 
mination was unknown, and now, althongli we are indeed to 

such methods, they are only used exceptionally, as they are boo ^ 
work, and only yield accurate results when great caution is 
first describe the method of v. ]i.\UMiiAUER, which was 
and then the recently published processes of Stromeykr and a 
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a After v. Baumhaukr.* Mix the substance with oxide of copper, and 
iPat in a glnss tul)e open at ))Ot}i ends. Collect tlic carbonic acid and the 
v.iter in the usual way. The two ends of the a[)paratus are connec.ted 
;ltli accurately graduated glass tubes, of which the one at tlie postcirior 
11(1 is filled with oxygen gas. At the terniinatioii of tlu; ])rocess of coni- 
lustioii this oxygen gas is passed over the ignited oxide ol* cojiper and 
Tiluccd copper, liy which means the reduced metal is reoxidi/ed. Allow 
li(i apparatus to cool, read off the volume of gas in the two graduated 
iul)cs (as has been done also before the process), and then deti'rmine the 
Wiji'flit of the carbonic acid and water. Make; dm; correction for the 
state of the bjirometer and thermoim;ter, then deduct the volume of* gas 
foimd ill the two tubes after the combustion, from the volume before the 
process; the difference gives the ([uaiitity of oxygen absorbed by the 
nduced copper. Deduct now this difference from the joint amount of 
oxygen in the carbonic acid and wtiter formed ; the remaimhu’ gives the 
([uiuitity of oxygen in the atiidysed substance. As the total amount of 
L'as ill the apparatus cannot be accurately known, the results of the ojie- 
ratioii can only be expected to be correct if tlic pressure and temjierature 
an; nearly the same at the end as at the beginning of* the expi'riment; 
lliere must also be no alteration in llie volume of the tube, Baumhauek 
analysed oxalic acid and oxalate of lead by this metliud, with the following 
most satisfactory results : — 

O'Dd'jr) gnu. o.xalie acid gave 0-9G9 carbonic acid and ()‘20d water. Tlie 
total volume of gas in the apparatus, duly eorreeted, was, lietbre the pro- 
o.'ss, 4(S5’t)0 e. e., after the process dhO'od e. c, (lalculatiug from this 


the percentage composition 

of oxalic acid, wo have 



Calculated. 

F ound. 

Carbon . 

. 12 . . 2t;-(h; . 

. 2(;-7i 

Hydrogen . 

. 1 . . 2-2d . 

2-28 

Oxygen . . 

. \V> , . 71T1 . 

. 71-82 


df) . . 10000 . 

. 100-81 


^lie analysis of oxalate of lead gave lO'GO per cent, of oxygen, instead 
l()-2(), as theoretically calculateil. 

After MAUMKNH.f Keplace the oxide of copper by litharge mixed 
^'ith i phosphate of lime, to ju'eveiit fusion. Carhouic aeitl and water 
thus obtained as in the ortliuary process, and ;dso metallic lead. In 
to obtain the latter as a Imtton, the contents of%lio tube are, after 
JO combustion, mixed with about tlio double (piautity of iiiire litharge, 
^ijitisferred to a crucihlo, covered xvith a layer of pure litharge and fused. 
JO button obtained is Hnally cleaned and weighed. The oxygen of the 
J stance is found by s\ibtraeting the oxygen, corresponding to the load 
‘‘Riled, from the sum of that eontained in tlie carbonic acid and water, 
tli^ J This procc.ss depends on the determination ot 

the or, as the ca.se may he, snhoxide ot copper, formed in 

- combustion. The residue is taken up with a solution ot sosrpiichloride 
hydrochloric acid, or, better, of sescpii sulphate ot iron and 
P luric acid, and the proto.xido of iron formed is measured with per- 


* Annal. d. Chem. u. PluArm. 90, 228. 
t Corupt. rend. 55, 432 ; Ze.tschrift f. aiialyt. Chein. 1, 487. 
+ Annal. d. CUeiu. u. Pharin., 117, 247. 
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manganato. On + Fo^ Clg -Cu Cl + 2 Fe Cl or Cii^ + Cl i Hi 
- 2 Cu ('14-110 + 2 Fc (Jl. From tliis it is evident tljat ^lo ' 
wlietlier the oxide of copper is reduced to iiu'tal or suboxide, loi 
equivalent of oxygen given n]), we ol)tain 2 Fe (). 

We find tlie oxygen in the suhsLince by adding the oxygrai contaiiu.d j,, 
the carbonic acid and water, ajid subtracting 1 eq. oxygen for e\(T\ 
protoxide of iron from the sum. As the oxide of copper cinploy,',] ,„J, 
be free from suboxid<‘, it is ])repare(l Ifom the laisic cailxjnali' of 
by heating in a flask (not in a cru(dl»le). Tlie oxide thus ])r(‘par(!(] is 
adaj)ted for tin; carbon and hydrogani determination, as tlu' eaihoiiic a,.;,! 
and the aqueous va])or are evolve<l with great rajddity. Sri:oMi:vij: (Ik n - 
fore reconiinends, that tlu^ determination of the oxygen should net I)r rdin- 
bined with the determination of the carbon and hydrogen, hut slmii'd i„. 
])erforined on a separaL; ])ortion of sid»stanee. As tlie ahove oxidid 
cojiper is very reducible, much less of it is re((nired tliaii of the 
oxide. Organic bodi('s which contain enongli oxygen to forniwater willi 
tlie hvdrogini, require about three times as much oxide as tlie tlieontioi! 
quantity, and liodies which contain an excess of liydrogeii, reipiire four 
times as inindi. To be quite side, however, we always lake still iiiore lliaii 
this amount. Tlie oxide of coppin* is mixed with half its weight el' div 
carlionate of soda. This mixture agglomerate's on ignition, and thus the 
la.st })articl(is of carbon are burnt. Tin; sulphur in organic hodies hiims 
with thi.s mixture to sulphate of .soda — chlorine yields tdiloride of .sodiiiiii : 
and here it must not be forgotten that tin* oxygen of tlie soda ise.\]i( llol, 
and goes to form carbonic acid and wat<>r. In the ease of nitrogviKiii' 
liodies the method does not answer .so well — nitro-comjionnds yicldi'd loo 
mueli reduced copp(.*r, liecau.'se oxidies of nitrogmi esejqied ; with odic 
nitrogenous bodii's, however, the results wen* .apju’oxiiiiate. 

Mix the substance with the mixtiiri! of oxide and carhonati' of soda in a 
smooth dish with a small s|)oon, fill in tin* mixture with the aid of:i^^ia;i l 
funnel, and add as mmdi oxide of (•o|»per again, d'he lallei' is giaindali ! 
like gunpowder, liy m.aking it t<> a proper e(iiisist('nc<' with (•arheiiaie "l 

soda and water, jiassing through a sievi'of perliirated metal plate with holes nl 
one line dianiete'r, drying;, and then sifting off the dust. TIk' ('()iiihiisti''i‘ 
tiilx; is conneo'.ted by means of a cork or caoiiUdiQUc. tuho with a glass tiile 
drawn out to a fine point. Alter giving the tube a f'ew gentle ta|e it i' 
lieated as usind, shtwiy proceeding from the front to the liaek. Mhtiid“' 
wliole tube is red -hot, tlie opening of' the small glass tube is sealed, and llit 
cond)Ustion tid)e k allowed to cool. Transfer the contents of the tiihi -' 
with the pi(!ces of tlie glass tube, if it cannot he <lone without -h> a dig '> 
ing fla.sk; the nien.struum us(!d is a solutio!! <»1* .sesquisul[)hate el iron 
tairdng 8 pjcr c(mt. of .sesquioxid(? of iron, free from protoxide of iron ' 
nitric acid. Take double, tim n(‘cess;iry <pianlity (reckoned imni^ ‘‘ 
oxygen determined as usual from the lo.ss, whit'll determination is 
controlle(l), and add a little more dilute sidplmrie acid (]»rej)ared liom * 
distilled acid) than i.s necc.ss;iry to saturate tlic carbonate of soda air ^ 
dis, solve the oxide of copper. The digesting fla.sk is ])rovidca ^\l 
Momu’s eaontehoiic valve — if tlie opm-ator does not prefer to jias.s <i s 
of carbonic acid — and licat is cautiously applied, till 
copper is dissolved. If, in consequeiiee of too violent lu’ating, \1 
remain on the glass, after cooling, pour tlie snljihiiric acid solution i^ ^ . 
litre flask, heat the fragments of the tube witli a small qinintity 
chloride of iron and hydrochloric acid, and add tlie solution to t le o 
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Dilute with wa.ter. If tlio solution clous not possf!s.s tho color of snlphato 
of copper, but is yellowish green, sulphuric acid is wanting, and iniist 
tliorcfore be added. Finally, fill up to the mark with water, mix and take 
J litre for the volumetric experiment. This must be again diluted with \ 
litre of water. In order to be able to correct the error which arises from 
the fact that a fluid containing sulphate of copjier and sesquisuljihate of 
iron recpiires more permanganate to color it than water, dis.solve \ of the 
oxide of copper employed (the fine and tho granulated) iti dilute sulphuric 
iieid, add j of the above-mentioned solution of sescpiisulphate of iron, 
make up to i litre and then add the above jiermanganate, — diluted teii-folcl ^ 
fir this purpose — to distinct rediit^ss. The test-analyses communicated by 

the author of the process are very satistactory.* 


B. Analysis of Compounds conslstino of Caiibon, Hydijogkn, 

OxVGKN AND NiTUOGEN. 

The principle of the analysis of such compounds is in general this : in 
one portion the carbon and the bydrog(m are determimul as carl.)Oiiic acid 
and water respectively; in another portion^ the nitrogen is determined 
cither in the gaseous Ibrm, or as chloride of ammoiiium and biehloride of 
jtlatiiiuin, or by neutralizing the ammonia formed from the nitrogen; the 
o.'iygeii is calculated from the loss. 

As the presence of nitrogen exercises a certain influence upon tlie 
Gstiination ol carbon and hydrogen, we have hero to consider not only tlie 
nicthod of determining the nitrogen, but also the modifications which the 
picsence of the nitrogen renders necessary in the usual metliod of deter- 
laiiiiiig the carbon and hydrogen. 


a. Dkieumination of the Cakbon and IIvdkogen in Nituogenous 

iSrii.STANCES. 


§ 


wiili iiifrogonous substances are ignited with oxide of copper or 

c irmnate of lead, a portion of the nitrogen present esea])es in the 
anotr^^ together wi#i the carbonic acid and aqueous vapor ; M’liilst 
quito^^^ luiiuite indeed, still, in bodies abounding in oxygen, not 

converted into nitric oxide §as, wbicii is subsequently 
)vholly or j)artially into nitrons acid by the air in the ajquiratns. 
aitrotli^* methods do.serihed in §§ 17-1, Ae., in the analysis of 

p^^tasirr^n .would accordingly give too much carbon ; since the 

i'aiued ""culd retain, besides the carbonic acid, also the nitrous acid 
a portion of the nitric oxide (wliicli in the presence of j)Otiissii 


^"-02 Miattor pl^n I will cite the details of an actual analysis, as follows ; — 

’’^Iphateof placed in front. Dissolved in 50 c. c. of solution of sesqui- 

i litre. 2ro ^ cent. Fe, 0^, and 8 c, c. distilled oil of vitriol, and diluted 
perrnatifY dilute<l to 500 c. c., required in ‘2 experiments 48'6 c. c. 

17-3 c. c. = 1 gnn. double sulphate of iron and 
Solution of 0-7r oxygen, and of which 0-9 c. c. were required for reddening a 

12'5 Q ^ ^^^d 0*76 grm. granulated Cu O in dilute sulphuric acid, mixed 

^ ^ houi 48 fi * of sesquioxide of iron and water to ^ litre. Subtract this 

“*225071 0 remainder is 477, which, when multiplied by 4, gives 190’8 = 

^k), whiol, o ^^^08 for 1 at. cane sugar (C,« Hu 0|.) 190’5 0 instead of 192 
«u ace actually required. 
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decomposes slowly into nitrous acid and nitrous oxide). This defect iinv 
be remedied, on the one hand, by the exclusive use of oxide of co])])(r .|, 
oxidizing agent, by the most intimate mixture of the substance witli tin* 
oxide, and by slow combustion ; and, on the other hand, by selectiii-r ^ 
combustion tube about 12 — 15 cm. longer than those commonly cmplov'i^^,] 
filling this in the usual way, but finishing Avith a loose layer, about 1)^];) 
cm. long, of clean fine copper turnings (§ Ch, 5).* The ])roce.ss is eom- 
menced by heating these copper turnings to redness, in Avhlch state tin v 
are maintained during the whole cour.se of the operation. Those are tliC 
only modifications rccpiired to adapt tlje methods above dcscrihod, for tlie 
analysis of nitrogenous substances. The mse of the motallio cojijinr 
depends upon its property of tlecomposing, when in a statt! of int( ii?i: 
ignition, all the oxides of nitrogen into oxygen, with which it couihltH's, 
and into pure nitrogen gas. As the mebd exercises this action only ulun 
in a state of intense ignition, care must be taken to maintain the atitorior 
part of the tube in that stiite throughout the process. As Jiietallie copjxr 
recently reduced retains hydrogen gas, and, when ke])t for some time, 
aqueous vapor condensed on the stirliice, tin; copper turnings intciided br 
the process must be introduced into the tube hot as tlu'y come from tlio 
drying closet (which is heated to 100°). v. Likhig recoimjK'iuls to 
conq)ress the hot turnings in a tube into a cylindrical Ibrm, to liicilitatc 
their rapid iiitrodiuttion into the combustion lube. 

2. If it is intended to luirn nitrogenous bodies in the aj)]iaratus do- 
scribed ill § 178, the combustion tulie should be about 80 cm. long, ami 
thio anterior part of it filled with a layer 15 — 18 cm. long, of clean coppor 
turnings. Caro must be taken to keep at least the anterior hall oi tlie 
turnings from oxidizing botli during tlie ignition in the current ol air and 
during the actual proce.ss of comhustion. When tlui operation is tom 
ininaO'd, and the oxidation of tlie metallic eoppier is vlsildy iiu'grossiiig. 
the oxygen is turned off, ami the cock of the air gasometer o[)CMe(l a little 
instead, to let the tube cool in a slow stream of atmosjilierie air. 

8. Clouz’.s mode of burning the hydrogen and carbon in nitrogenoii.'- 
bodies, will be found describcxl in § ID2. 

h. Detkumination oe thk Nitrogen in Organic Compounds. 

As already indicated, two e.sstaitially diflerent methods arc in use lb 
eflecting the determination of the nitrogen in organic compounds; 
the nitrogen is either sejiaratcd in tlie pure form and its volunie 
sured, or it is converted into ammonia, and this is determined eitnei 
bichloride of platinum and cliloride of ammonium, or by neutrahzatioii. 

a. Determination of the Nitrogen from the Volnme. 

Tlie many method.s that liavc been recommended to effect this 
may all be brought under two general heads; Viz., 1st, methods ^ 
for their object the collection of the whole of the nitrogen 
weighed portion of the substance ; and 2nd, methods determining 1 
the relative proportion between the carbonic acid and the 
evolved, from which the quantity of the nitrogen is then calculate! 
latter methods require therefore, of course, that the amount o 

* The copper turningg cannot be replaced by the metallic and con- 

reduction of the oxide with hydrogen, as this obstinately retains of 

sequently decomposes a(mrociable quantities of carbonic acid 
bouic oxide. SohrOtter, Lautemann, Journ. f. prakt, Chem, 77, 81^* 
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contoinecl in tlie^ substance slioiild be previously known. The methods 
based upon the former principle are denominated absolute or quantitative, 
tliose based upon the latter are called relative or qualitative. I select here 
those of each class which are most readily jjerformed and give the most 
accurate residts. 

1. Eklative Determination of Nitrogen by Volume. 

§ 184 . 

an. V. Liebig’s Method.* 

Qhe inethod is suitable only for the analysis of substances containing a 
not too inconsiderable amount of nitrogen in proportion to that of the 
carbon. See also the end of this piaragraph. 

The process requires 0 or 8 accurately graduated tubes of strong glass, 
each about 30 cm. long and 15 mm. in diameter; also a tall cylinder of 
strong glass, widened at the top (see fig. 125). 

The combustion tube should be 00 cm. long and sealed behind : oxide 
of co})per sufficient to form a layer of 0 cm. in length, is first introduced 
into the fartlier end, about 0'5 grm.'j’ of the very finely pulverized sub- 
stance is then most intimately mixed with a portion of oxide of copper 
sufficient to fill the combustion tube about half. This mixture is intro- 
(uce into the tube and followed by another layer of oxide of cojiper; the 
rest of the tube— a part at least 12 cm. long— is then filled with copper 
tirnniga ihe combustion tube so prepared is coniu'cted with the delivery 
tube, and phiced in the furnace; the anterior part of the tube is then siir- 
rouiKer with red-hot charcoal, the part occupied by the mixture being 
iro ec e( )y a screen which is shifted back 3 cm. each time, as the appli- 
<uon 0 icat is gradually advanced in the usual way towards this jiart. 

mixture is decomposed, and the atmospheric 
oninf , 0 ^*^ ‘thnost completely expelled from the tube by the products of the 
ovor graduated tul.ios, filled with mercury, J is inverted 
and nir delivery-tulie, which opims under mercury, 

curial to about ; it is then lified out of the mcr- 

tliruind ^ mercury flows out; if, upon looking 
C'jlorafio lengthwise, the ojierator iierceives not the slightest red 

^^nitain i^ g‘^^^eous contents, he may feel convinced tliat the gases 

the/^ nitric oxide. (To acquire the jiositive certainty 

middl^ nitric oxide in any of the tubes, this must be repeated at 
the fTadii^f^T ojieration.) After this jirelirninary experiment, 

e tubes are filled one after another (sec fig. 124), whilst the 



Fig. 124. 


8 8 continued slowly and uniformly. This operation requires a 

+ flrganio Analysis, edited by A. W. Hofmann, page 61. 

1 Wav Af more accurately known in this process. 

'‘““ka remaining ^ ^ completely with mercury, so as to prevent any air- 

6 m It, IS to pour in the mercury through a funnel*tube reachin^r 
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Stand with places for six or eight tubes.* In default of such an appanitng 
an assistiint must hold the filled tul)es until tlu^y are rcajuired ior me., 
suring ; care must l)e taken to mark the ordtir in whieli they wen' tilled 
The anterior part of the combustion tube must bo kept at a brigliiredlif ^ 
throughout the operation. 

When all the tubes are filled, the gaseous mixture in tln'in is (leteniiinfd 

in the following manner, one tube being takcm alter anotlu-r : The nh 

is completely immersed for some time in the mercury with wliieh tlic 
cylinder (fig. 125) is filled; by this means jK-rleet imi- 
h formity of temperature lietween the gas and the ineniirv is 

Jf established. After this, the tube is raised until tin; mer- 

U cury inside and outside is on an exact level ; the voliiiue 

r is then read off and noted (see § 13). A small quantity of 

t solution of potassa is now rnaile to pass into the tube I'roiii 

the pipette /I, which is nearly tilled Avith this liquid; tliis 
is ellectcd by blowing cautiously into the ])ii)ette. Tlie 
latter is then withdrawn, and the absorption oftlie carbonic 
■ acid l.>y the solution of potassa promoted by moving tlie 

!|l tirndy held tube up and down in the mercury, pressing its 

Ijifl mouth tirndy against the side of the cylinder; the tube is 

:|jl ultimately once more completely immersed, raised again 

ijS until the UH.'reury inside and outside is on an exaet level, 

and the volume then read otf. (Tdie j)ressurc which the 
sm;dl eolumu of solution of jnitassa exercises may he 

Fig. 125. altogetlier disregarded.) The volnme oi' the carbonic acid 
is (letermine<l by subtracting the (jiiantily t()und in the 
second measuring (the nitrogen gtis) from that noted in the first (nitrogen 
gas + carbonic acid gas). 

When the contents of the first tube have thus been determined, the 
mercury is chnaiicd by wjisldng first with Avater slightly acidulated with 
hydrocldoric acid, tlien with pure Avater, and drying Avith blotting-p'h’*^’’’ 
the contents of tlie second tube are then determined in tlie same maiiucr, 
and so on to the last. 

The results of tlie several tubes are generally found pretty uniform; 
many eases, liowever, Avliere the nitrogenous substance is, previous to com- 
plete combustion, resolved into products of ditha’eiit degrees of volatiiit}) 
the several tubes shoAV notable ditlereiicos in tlie resjiectivc results. 
general rule, the mean is taken as correct, and this may be cunsi(h‘rt|^ 
the more accurate and reliable, tlie less the respective results of the sevcij^ 
tubes diverge from it. If, hoAvever, the tubes first filled give a 2 

larger proportion of nitrogen tliiui tho.se filled after, it ^^‘22 

assumed that the air Avas not comjiletcly expelled when the first tubes v 
filled ; and in that case their contents arc not tal^cn into account. 

The relative proportion of the carbonic acid to the nitrogen gas expr 
directly, and witliout further calculation, the proportion which ^ 

Jents of the carbon bear to those of the nitrogen ; since 1 cq. carbon coi 
witli 2 eq. oxygen, leaving the volume of the latter element una term , 

down to the bottom of the graduated tube, then close the aperture 
invert the tube, and mahe the minute bubbles of air adhering to the si ^ ^udfilleii 
unite Avith the large bubble at the top. The tube is then turned upng > 
up with mercury. , mischc 

* A stand of this kind will bo found described and figured in Das c e 
ratoriura zu Giessen, von J. P. Hoftnanii, Heidelberg, 1842. 
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giving accordingly 2 volumes of carbonic acid ; — and 1 eq. nitrogen gives 
equalty 2 volumes of nitrogen gas. 

Suppose we have found the proportion which the carbonic acid bears 
to the nitrogen gas to be 4 : 1, the analysed compound contains, in 
that case, to 4 eq. carbon - 4 x G - 24, 1 ecp nitrogen - 1 t. If, there- 
ibre, we liavc found 20 parts of carbon in 100 ])arts of the analysed sul)- 
staiice, the latter contiiius 15-17 parts of nitrogen ; since 24 : 14 :: 26 : x ; 
15-17. 

There is one irremediable source of error inh(;rcnt in this method, viz., 
it is impossible to remove tlie air com])letoly from the tube, and thus the 
resulting number for the nitrogen is somewliat too liigh. Notwithstanding 
this delect, however, the method does not leave ns in doubt eonceniiiig the 
correct ratio, if the amount of nitrogen is consi(leral)le ; thus, ibr instance, 
if the proportion found is 1:4-1, it is at oncti evident that 1 : 4 is the 
actual proportion. But if the ndative (piaritity of the nitrogen is small, 
this delect vitiates the results ; aiul ex[)eriencc lias proved that the melliod 
is not suitable for the analysis of substances conUiining less than J e(p 
nitrogen to 8 e(p carbon. 

hh. Bunsen’s Method.* 

The method gives more accurate results, but costs 
more time and trouble, and demands greater skill 
than aa. 

hi the first place select a tube of strong, dilllcultly 
iusible glas.s, about 38 cm. long, and 2 cm. with;; draw 
this out at one end as shown in fig. 120, .-1, tlicn narrow 
file part marked a, as shown in fig. 120, B. Tliis latter 
manipulation is neco.ssary to give the tube the requisite 
power of resistance against tlie inttTiial [)re.s.sure ('xm-ted 
ypon It l)y the gas evolved during the j)rocess of ignition. ^ 

Ihe drawn-out part must, moreover, altogether rimiaiii 

stout. 

^lean the tube, then introduce into it an intimate 
mixture of about 5 grm. of loo.se ignited oxide ol* copjier Fig. 126. 

Mitli 3- 5 centigrm. of the snb.stance (wliich, liowever, 
t^^cd not be accurately weighed), together witli a small quantity of clean 
copper turnings (§ 00, 5). Draw out the other end at a distance of 17 — 
cm. fi’om the narrowed jmrt, in tlie sjime way as above. Volatile liquid 
ones are introduced into the tube, best in a capillary tube, sealed at one 
both ends. i J ^ 

sliown in fig. 127, at one end with a globe, 7>, 
lied with sulphuric acid, in which the liydrogeii gas evolved from A 
Tied, at the other end with an exhau.stiiig syringe, with the cock, p, 

^ hydrogen gas escajie. 

^ _ ficu the hydrogen gas has passed through the apparatus long onongh 
insure the complete expulsion of the air, turn otf the cock o])cn yl, 
a nlanip, draw up the jiiston of the exhausting syringe with 

raref^ mid then immediately turn olF the cock .s, Tliis serves to 

at V' ^‘yili’ngeu gas in the tube, and you may now fuse off the latter 

corn’/^ 51owpij)c flame, without risk of swelling. Now exhaust as 
p otely as possible, and then fuse olF the tube also at b. 

l^olbo’a paper on the Bubiect in the Handwbrterbuch der Chomio, Supple- 
^ 2 ur ersten Autlage, S. 200. 









Fig. 128. 


riio t\vo parts fit accurately upon eacli otlicr, enclosing a cylindi’iw 
Jy ^ cm, ong, and 5 G cm. in diameter. U^heyarc botlililiod ^vitl 
a ]>asto of pla.stc‘r ot' Pari.s, mi.xed with a handful of cow-hair cut small 
the combuHtion tube i.s pre.s.sed into the one lialf, in the midfUe, am 
as soon a.s the jja.ste i.s beginning to set, the other lialf pressed dowii ui)oi 
It, and the mould closed by .small iron wedgc.s (see fig. 12'J). 






Fig. 129. 


There are 10 or 12 holes in the bulging part of each half to givtjfr^ 
issue to the aqueous vapors, &c. 
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After the plaster lias tliorouglily set, heat tlie mould in a suitable lur- 
iiace slowly, to dull redness. As soon as the smell of burnt hair diminishes, 
and the mould, entirely surrounded with red-hot charcoal, is at a bright 
rod liciit, cover the coals with ashes, and continue heating in this way lor 
another half hour. After cooling, take the tube out of* tlie mould with 
proper care ; it should look dull and oparpie, and show a blistered surface, 
as a proof that it has been thoroughly softened in the process. If too 
larL^^c a cpiantity of substance has been used, or the heat carried to a very 
hi^h degree of intensity, the tube will occasionally present an expansion 
in «)nie part. Break oiF the point under mercury, .so as to receive tin*, 
craseoua contents in a graduated tube filled with mercury (§ 12), into 
width a drop of water has been introduced (§ IG). This serves to satu- 
rate the moist gas with atpieous vapor. Though it is not necessaiy to 
transfer the whole of the gas from the combustion tube to tlie gradiuitctl 
iiilie, .still it is advisable to subject as large a volume of* gas as possible to 
the snbseciuent analyses. 

Xotc now the state of the barometer and thermometer, and the height 
of the mercurial column in the graduated tube ; tlien introduce a mois- 
tened ball of hydrate of [lotassa, fused on to an iron or jilatinum wire, 
which will absorb the carbonic acid gas. Dry the residual nitrogen gas 
ly introducing a second iininoistenod hall of hydrate of potassti, then 
measure. Reduce the volumes to the same temperature and pressure, 
mid to the state of dryness; tins will give you tlie relative ])ro])or- 
tion of the volumes of the carbonic acid and the nitrogen, and accord- 
mglyalso that of the equivalents of the carbon and uitrogeii in the aimly.sod 
substance. 


C (\ Marciiand’s Method,* modified by (.loTTi-iEn.f 
Draw the posterior end of a long combustion tube out to an open point; 
iiitrodiice first an asbestos plug, then the mixture of 0*1 — 0T2 gnu. of the 
f'ubstaiice with a large quantity of oxide of copper, then .a layer of pure 
oxide of copper, G cm. long, a layer of copper turnings, 12 — 14 cm. long, 
‘iiid lastly, a layer G cm. long, of coarsely jiowdercd fused chloride of ('al- 
‘''ini. (/onueet the anterior cml of the tube with .a delivery tube bent at 
1‘ght angle, the de.scending limb of wdiicli is SO cm. long, and transmit 
I ried hydrogen gas for two hours through the drawn-out ])oint ; towards 
tho the operation the delivery tube must dip under the ima'cnry in 

m trough. Seal the tube now at the posterior end, heat the ]mre oxide 
coppci* oxygen of Avbieli will combine with the hydrogen, thus 
^ li^vert over the end of the delivery tube a graduated 

w l'l • ^’'^Ith mercury, and then jiroceed to combustion. The process 

llio of gas, of which about half may be used for analysis, 

t'eniainder to test for nitric oxide gas. Gottlieb obtained very satis- 

‘‘‘^tory results by this method 

'indl effects the combustion with a mixture of oxide of copper 

exido of mercury. For particulars see the original memoir. 


t 41, 177. t Annal. d. Chem. u. Pharm. 78, 241. 

t'lde / ® method of determining nitrogen is hised upon the same prin- 

Wouru. f. prakt. Chem. 55, 229). 

II Annal. d. Chem. u. Pharm. 96, 64. 
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2. Absolute Determination of Nitrogen by Volume. 

§ 185 . 

aa . Dumas’ ^Method. 

This method miiy bo emjdoyed in the analysis of all organic coni|ioiiiif!.s 
containing nitrogen. It ro(juires a graduated glas.s eyiiiulcr of alnjut 
200 c. c. capacity, with a ground-glass ])lato to cover it. 

The combustion tTibe should be about 70 or 80 cm. long, and soaled at 
tlie ])o.sterior end by I'usion, in the maimer of a test-tulie. Introiliicc into 
it a l.'i} er ol‘ pure dry bicarbonate of .soda, 12 — 15 cm. long, tlioii :i layir 
of oxide of co[)]Hir, 4 cm. long; after this the intimate niixtiirc of an 
accurat(dy weiglu'd portion of the substance (O O — ()•(! gnu., or, in 
the case of compounds poor in nitrogen, a .sonunvhat larger (piantitv), ultli 
oxide of cojiper, then the oxide which h;is served to rinse the luorlnr, Idl- 
lowe<l by a layer of pun^ oxid(t, and lastly, a layer ol' co])|)er tiirning', 
about 15 cm. long.* Maki; a channel along the t<)p of the tiilte by g.'iirln 
tapping. Connect the tul>e with the bent <ielivery tube u /’((Ig. l.‘ii>), 
place in the furnace. Heat tlio posterior end of the tube (to the extent of 



Fig. 130. 


about d cm.) gradually to rednes.s, protecting the other parts by a 
Th«i bicarbonate of .soda is decoinpo.scd l)y tlic heat, and tlii! carhonic ack 
evolved drives the air in the tube before it, thus ellbcting its oxiHildai'. 
When the evolution of gas has proceeded for .some time, imiiierso lln^ 
of the l)cnt delivery tube under nierenry, invert over it a test n lo 
tilled with solution of potassji, and advance the red-hot [iieccs ol ch.uy"''^ 
a little towards the anterior part of the tube. Jf the gas bubblof’ oiiU’iin^ 
the cylinder are completely ab.sorbed by tlie solution of j)olass:i, this is 
proof that the air is thoroughly expelled from the tube; ^ 

bustion may tlierefore now lie at once commenced, but shonhl t Hj’ 
be tlie case, the evolution of carboiiie actid must be continued uiiti 
de.sired point is attained. Invert the graduated eylinder, 
mereiiry, J with coucentrateil solution of [xitassa, over the end ot 
livery tube, with the aid of the ground-gla.sri plate, f and proceed mi ^ 

* Mobenfl (Annal. d. Chem. u. Pliarni. 00, 11.5) recoininends tubes of 
TIO t«) I'lC) metre, which he RIIh a« ft>llowH : — Bicarbonate of soda, 1 ^itli 

oxide of copper, 20 cm. ; the Hubstiince, triturated with qqBh 

coarser oxide of copper, 30 cm.; Cf)ar8o oxide, 30 cm. ; metallic copper, - 

t The following is the best way of filling the cylinder and hwcit'^g ^ 1 .^ 

opening of the bent delivery tube : — The mercury ia introduced first, am t ic j,(,[uti(ju 
which a<lhere to the walls of the vessel .are removed in the usual way. 
of potii-ssa is then poui’ed in, leaving the top of the cylinder free, to g,.,,uiib 
about 2 lines ; this is cautiously filled up to the brim with l.^ced 

glass plate slided over it. The cylinder is now inverted, and the opening ^.yllmbn 
the mercury in the trough ; the glass plate is then withdrawn from 
In this manner the operation may be jjerformed easily, and without soi g 
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combustion in tlie usual way, lieating first the anterior end of tlie tul)n to 
redness, and advancing gradually towards tlie farther end. In tlie last 
of the process, the other lialf of the bicarbonate of soda is docoin- 
pos(id, and tlms the whole of tlie nitrogen gas which still reniains in the 
tube is forced into the cylinder. Wait now until tlie volume of the gas 
ill tlie cylinder no longer decreases, even upon shaking the latter (conse- 
quently, until tlie whole of the carlionic acid has been alisorlicd), then 
place the cylinder in a large and deep glass vessel filled with water, the 
transport from the mercurial trough to tliis vessel being elTected liy keeping 
the aperture closed with a small dish filled with mercury. The mercury 
and the solution of potassa sink to the bottom, and are r(^])laced by water, 
lininerse the cylinder, then rjiise it again until the water is inside and out- 
side on an exact lcv(d ; rea«l off the volume of the gas, and mark the 
tciiiporature of the water and tlie state of tlie barometer; calculate the 
^vcight of the nitrogen gas from its volume, after reduction to the normal 
loiiipcrature and pre^ssure, and with due regard to the tension of tluj aipuHius 
vapor (conip. “ Caleulation of Analyses”). The results are generally 
somewhat too high, viz., hy aliout — 0*5 jier cent. ; this is owing to 

the circunistance that even long-continued transiiiission of carbonic acid 
through the tube fails to cxpiel every trace of atmospdicric air adhering to 
the oxide of eojijier. 

h is highly advisable, before making any nitrogen determinations with 
this method, to subject a non-nitrogcMions substance, c.y., sugar, to the 
process. The analyst thoreliy acupiaints himsidf with the e.xtont of 
tlie error to which ho will be exposiMl. In suoli an expierinicnt the ([uantity 
ol iinahsorlied gas sliould not (‘xe(‘<‘d 1 or 1 .( c. (*. 

To insure coiiipleto combustion of diflieultly combustible bodies 
'-li.KCKEu* recoiiiniends the addition of arseiiious acid in powder to the 
f'Mde of cop])er witli wliiedi tlie substance is to lie mixed ; the arsenious 
au( is volatilized by the action of the heat, tlie fumes burning tlie whole 
I* t le carbon like a current of oxvgen. Tlio arsenious acid sublimes in 
anterior part of the tiilie, arsenic remains in the copper. 

I^impson’s Mcthod.f 

jj|i of this method, which is well suited for the analysis of 

‘^^iliiitiogciious bodies, and gives accurate results also in the case of ditli- 
Dcma organic compounds, is the sjimo as that upon wliieh 

^j^^thod (an) is ba.sed; but tlie yi/’occx.s' diflors in some essential 
evoT^ 1 carbonic acid wliich serves tu expel llie air from the tube is 
cffol 1 carbonate of protoxide of manganese; the combustion is 

Corr ^ cxpieuso of a mixture of oxide of mercury with oxitle of 

tho .^’ exygen gas is absorbed by cop[)cr in a state of ignition ; 

received in a peenliar apparatus, in which the car- 
hansf'^^^ 1 ^ removed by solution of potassji, the nitrogen gas being then 

‘Scle^r^ griitluated tube, and finally measured over mercury. 

Hie l.r combustion tube, about «0 cm. long, and seal one end in 

introduce a mixture of 12 grm. of carbonate 
cxide of manganese, dried at 100”, and 2 gnu. oxide of mercury. J 

carbonate of^ ^'^7 Stromeyer recommends mixing the oxide of copper with 

^ prevent the formation of oxiilea of nitrogen from the 
* Chem. u. Pharm. 117, 250). 

.+ The oxide ^ ^ ‘ Chemie, 2 Aufl. I. 878. -f Aniial. d. Chem. u. Pharm. 95, 74. 
otherwia *“®i*oury insures the nonformation of carbonic oxide gas, which 
® be produced from accidental iprcsence of organic matter. 
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Push do\vn a plug of recently igiiitcd asbestos, leaving an ineli cle.ii’ spaop 
between it and the mixture, so as to admit of the formation of a suOiciently 
wide free passage for the evolved gas when the tube is placed in a liori- 
zonL'il position. Then introduce 1 grm. of oxide of mercuiy. Mix tiig 
accurately weighed substiince (about 0*5 or 0-6 grm.) witli 15 tiincs ilic 
weight of a previously prepared and dried mixture of i parts of reccntlv 
ignited oxide of copper and 5 parts of oxide of mercury, and tniiisitr the 
mixture, without loss, to the combustion tube, rinsing tlie mortar with 
some pure oxide of 'copper and some mixture of oxide of coj»per and oxide 
of mercury, and transferring the rinsings also to tlui conil)ustioii tiil)c, 
Push down another asbestos plug, which should be distant ;i bout 50 cm. 
from the first, bearing in miml that a free pa.s.s(ige of amjde width .dioiild 
be left clear above the mixture, when the tub(i is placed in a liorizoiital 
position ; and also tlmt the plug is partly intended to clear the jiart of tlie 
tube through which it pa.sses, of the particles of the mixture adlieriiig to 
the sides. Introduce now a layer, b — 0 cm. long, of j)iire oxide of (?o|)jjer, 
tlion a tliird asbestos })lng, and finally a layer, 20 — 21 cm. long, of 
metallic cop])er (prepared by reducing granular oxide of coppm- in a currciit 
of hydrogen —or better still, in a stream of carbonic oxide, com[>. |). 

Dr aw out the anterior end of the tnho, and connect it, by inoiuis ot a 
small caoutchouc tube, with a delivery tube, bent below ala right angle; 
which dips in the mercurial trough. 

Place the tube in the comhustion-fiirnace, after liaving, by a few gentle 
taps, cleared a free ]>a.ss,'ige l()r the evolved ga.ses Irom end to end. ^o^v 
])repare tlie apparatus for the nu^option of the ga.seous mi.xturc (lig. l-'l)’ 
This should be strongly made, and hold alwiit 

i i 200 c. c. ; the uppi^r part should liave an outer diameter 
of 7 — 8 mm. Pu.sh a .strong vnlcaiii/cd india- rubber 
tulxg 5 cm. long, over the point, leaving a]>oul o cm. el 
tailing projecting beyond; tie securely witli silk cent 
in.sert into the projecting cud a solid glass rod, gruiiiK at 
both end.s, 15 mm. long, and of the same diameter as tie 
india-ruliher tuVie, and pu.sh this down until it toiu 
the point of the ve.sscl ; then in.sert into tlic iifpci fai 
of the caoutchouc tube still lefk free, a very nano^^ gas 
ilelivery tulie of tlie s;uno diameter as the glass i 
tie this also securely, and then tie .silk cord roiiia > 
Vur in portion occuiiied by the glass rod. This is intmica 
dose the ve.ssd air tight Ascertain whctlicr you 

fully .succeeded in thi.s, by jdacing tlie ve.s.sel, partly filled ex' 

ill the trough, and observing wlicthcr the mercury will fall. . 
periment shows the joinings to be perfectly air-tight, fill the 
the top with mercury and lb — 17 c. c. of concentrated solution o 
rcjilace it in the trough, and secure it iti the maimer shown m 
Separate the posterior lialf of the layer of carbonate of 
manganese by a screen, heat the separated portion a few ,,ir 

red-hot charcoal, until the disengaged carbonic acid has expo ^ 

f rom thi.s part of tlie tube ; then remove the charcoal, and hc<m (fe 

tlio otlier half of the carbonate of protoxide of nuuiganese? ’ 
s(;reen, to redness, as well as also the copper and oxide o by 

anterior part of the tube, protecting by screens the portion 

• Ab regards the modifications in the process of filling, in the analysis o 
refer to the original paper cit, p. 83). 
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the mixture. As soon as the evolution of carbonic acid ceases, insert the 
end of the gas delivery tube, without lifting it above the mercury, under 
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also tlie manganese salt behind the screen ; the carbonic acid evolved nil] 
force the whole of the nitrogen gas into the receiver. As sooa as tluMraj; 
bubbles are completely al)Sorbed by the poLissii solution, tlie gas (kliviiy 
tube may be removed. 

To transfer tlie nitrogen collected in the apparatus to a gradnalod tiilo 
for measuring, insert a tulie of the form shown in lig. b'Jl, hv mcaus of ^ 
well-fitting perforated cork, under the mercury, into the till )ii]iire of tlie 
gas vessel, taking care to moisten the cork })revioiisly with solution of 
chloride of mercury, to guard against the possible introduction ol' air into 
the gas vessel. Pour mercury into the tube until it reaches a considcndilv 
higher level than in the gas vessel, ami allow the wliole to sttind i'ortivo 
hours, to give time for the complete absorjition of the ctirloonic acid 

Meanwliile fill the graduated tulie, for measuring tin; nitrogen gas, with 
merenry, having previously introduced a drop of water, and invert it iu 
the trough. 

Introfluce the point of the delivery tube (toiineetcd witli the gas vessel 
under the opening of the measuring tube, take off tlie silk cord tied r(iii!iil 
the portion of the caoutchouc tube occupied by the glass rod, luid pour 
mercury into the upright tube (see fig. Idd). 

Wlieii the gas has in this manner Ix-oii ahiiost coiiijdotely forced ovrr 
inte the measuring tube, add the mercury only dro}) hy drop, until die 
potas.s.'i just begins to make its ajipearance iii the gas ihdivcry lube. l>y 
this course of j)roecediiig, exactly as mmdi nitrogen gas is kept onl ol tlio 
measuring tube, as air had at fir.st eiiterotl (from tlie delivery tube), 
must be taken in jxmriiig in the mercury, tliat no air is curried M’itli it, 
to tlii.s end, the Ujiright tulie should from the first be kept jiretty fnd 
the glass rod in tlie caoutchouc tulie he selected of sulHeient thiekiieNs to 
ojipo.se considerable resistance to tlie )»a.s.sage of the gas. Note the 
the barometer and^tliermometer, measure the moi.st gns, and eulculate 
weight ‘from the volume. Simison obUiliied very sati.sfactory '}, 
this method, in tlie analysis of alkaloids, iiilrato of cliloio oo 

ammonium. 


/3. Determimifion of Nitrofjeti hfj conversion into Ammoma. 
VAKKENTKArr aud Will’s Method. 


This metliod may he apjdied to all nitrogenous 
tho.se containing the nitrogen in the form of nitric 
acid, <S:c. It is basexl upon the same principle a.s tlie inetho( o 
organic bodies fin- nitrogen (§ 172, 1, n), vi'/., upon tlie 
when iiitrogcMous bodies are ignited with the hydrate o ‘ 
water of hydration of *the latter is decomposed, the 
the carbon of the organic body carbonic acid, which a coindd'^- 

tlie alkali, whilst the hydrogen at the moment of its libera le 
with the whole of the nitrogen present to ammonia. iicd 

In the case of substances abounding in nitrogen, ^,,.to(l 

mellon, Ac., the whole of the nitrogen is not 
ammonia in this process; a portion of it Y-vj oltb''' 

carbon of the organic matter to cyanogen, which then coin ^ 
that funu with tlio alkali metal, or in form of cyanic aci ' 
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Direct experinifiiits liavo proved, however, that even in such cases the 
Avhole of the nitrogen is ultimately obtiiined as ammonia, if the hydrated 
alkali is present in excess, and the heat applied sulliciently intense. 

As in all organic nitrogenous compounds the caihon prcfjondenites over 
the nitrogen, the oxidation of the former, at the expense ol* the water, will 
invariably liberate a quantity of hydrogen more than sufKcient to convert 
the whole of the nitrogen present into ammonia; for instance, 

C,N + 4 H 0 = 2 C 0, + N H 3 + H 

The excess of the liberated hydrogen escapes either in the free state, or 
in coinlh nation with the not yet oxidized carbon, according to the relative 
proportions of the two elements and tlie temperature, as marsh gas, 
olefiant gas, or vapor of readily eondeiisible hydrocarbons, which gases 
servo in a certain measure to dilute tlie ammonia. As a certain dilu- 
tion of that product is neceswiry for the success of the operation, I will 
here at once state that substances rich in nitrogen should be mixed with 
more or less of some non-nitrogenous l)ody — sugar, for instance — so that 
there may be no deficiency of diluent gas. 

The ammonia is dctorniiuc<l by receiving it in hydrochloric acid, con- 
Yorting the chloride of ammonium formed into bichloride of ])latinuin and 
chloride of ammonium, which is tlieii either weighed at once, or ignited, 
and weighed as metallic platinum. Many nitrogenous organic com])onnds 
give upon ignition with soda-lime no ammonia, hut yield other nitrogenous 
volatile bases free from oxygen ; thus indigo blue yields aniline ; narcotine, 
morphia, quinine, and cinchona yield now volatile l»asos. All tliese volatile 
bases have, like ammonia, the ]>ro|)erty of forming double salts with 
bydrochloric acid and bichloride of ])latinum. Now, it would he commit- 
ting a serious blunder to tuke these double salts for ammonio-bichloride of 
platinum, weigh them, and calculate the nitrogen lixMn the weight found, 
by igniting them, and calculating the nitrogen Irom the residuary metidlic 
platinum, all error is avoided, as th(‘se bases, like ammonia, contain in the 
]>latiuum s;dts to each e(p platinum I e([. nitrogen (Likhig). The other 
jmrts of the practical ])rocess (the collection and determination of the 
ammonia) require no theoretical cx})lanatioii. 

Requisites. 

st'u enumerated § 174, for weighing and mixing the sub- 

40^ ^ Cowt^usTioN-TunE of the kind described § 174, 3; length about 
width about 12 mm. The combustion is elfocted in an ordinary 
combustion furnace (§ 174, !(>). 

^^3. Soi)a-Limk. — (§ 6 d, 4.). It is advisable to gently heat in a platinum 
tiou TT quantity of the soda-limo sidlicient to lill the combus- 

the . it perfectly dry for the process of combustion. In 

non-volatilo suhstiinces, the best way is to use the soda- 
while still warm. 

rrnnim ^ s^i^all portion of this substance is ignited in a platinum 
^^^cible previous to use. 

Will’s Bulb-apparatus. — This may be ob- 
^‘ydrocir*^ shops. Fig. 134 shows its form. It is filled with 
^ oric acid of 1*13 sp. gr. to the extent indicated in the drawing,^ 
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eitlier by clipping the point into the acid, and 
by means of a pipette. 


applying suction to ,/. 




Fig. 135. 


Fig. 134. 

In order to guard againat the rece.lingof thohydroehloric acid infoll,,,,,,, 
bustion tube, AiiKNDT and Knop Iiave suggested tlio form indicated % i;i; 

6. _ A soa, well-perforated Corn;, whicli fils tlie.om 
bustion tube air-tight, and in wl.ich the tuhc ,/ef ih 
bulb ap])aratus fits closely. 

7. A SUCTION-TUBK filled with hydrate of 
and closed at the anterior end with a jiei loratod cork 
through which the point of the bulb aiijiaratus losses. 

The reagents, ^ Ac,, required for the ulterior tmit 
inent of the fluid olitaiuod in the process of coiiibiis- 

xro 7 1 omitted here, as it is not necessary to liavi 

them ready at the beginning of the operation. 

hh. The Pt'oeess. 

The combustion tube is half filled with ,soda-limo, which is tl.on gra- 
y ranscire to the perfectly dry, and, if the nature of tiie sulistain'ii 
penults, rather warm mortar, whore it is most intimately mixed will, tin- 
weighed subsmnee (comp. § 1 7-1), forcible pres.siire being n.rcf.illv avoidel; 
a layer of sodii^-hme, oceiiiiyiiig alioiit 3 cm., is now introduced into tin 
posterior part of the eombitstion tube, and the mi.xture filled-iii alter; tlie 
latter, ^piich will occupy about 20 cm., is followed by a layer of about 
aem. ofsodapmic, whhh has been u.sod to rinse the mortar, and tliisagai" 
jy a layer of cm. of pure soda-lime, lc.aving tliiis about -1 cm. ofllic 
tulie clear. The tube is tlioii closed witli a loose plug of imhc-stos, iiinl » 
free jiaitsiigo for the evolved gases formed by a few gentle taiw; it is ib'ii 
connected with the bulb apparatu.s by means of the i.erforatod cork, imJ 
linalJy jilaccd in the combustion furnace (see fig. Id f). 

lo ascertain whether the ajiparatus closes air-tight, some .lir is cxpcH^’fl 
by holding a piece of red-hot ehanml to the bulb «, and the apparatus 
observed, to see whether the liquid will, upon cooling, permanently assume 
a higher position in u than in tlic other limb. The tube is then gradually 
surrounded with ignited cliareoal, commencing at 'the anterior part, and 
processing slowly towards tlie tail, the ojierution being conducted exactly 
as an ordinary combustion (§ 174). Care must be taken to keep the 
anterior part of the tube tolerably liot tbrougbout the process, since this 
will almost entirely prevent the passage of liquid hydroairbons, the presence 
of which in the hydrochloric acid would bo inconvenient. The asbestos 
sliould be kept sufficiently hot to guard against its retaining water, aiK 
With this,' ammonia. The combustion should be conducted so as to 
maintain a steady and uninterrupted evolution of gas ; there is no foar ^ 
any ammonia escaping unabsorbed, even if the evolution is rather brisKi 
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hut tlie operator must constantly be on bis guard against tlie recoding of 
[he hydrocbloric acid, wliicli inevitably bikes place tlie very monient'tho 
ivolution of gas ceases, and this, in some instances, with such impetuosity 
L to force the acid into the combustion tube, which of course spoils the 
jrholc analysis. When operating upon compounds abounding in nitrogen, 
Lon the greatest care in conducting the process would prove unavailing 
Luiinst the powerful affinity of the hydrochloric acid for the almost pure 
tiniioniacal gas in the tube. This difficidty may be readily met, however, 
mixing with the substance an equal quantity of sugar, which will give 
^ise to the evolution of more permanent gases diluting the ammonia. 

I When the tidxi is ignited in its whole length, and tlie evolution of gas 
tolallij ceased,* the point of the combustion tube is brokim olf, and 
feir to the extent of several times the volume of the gas in the tube is 
sucked through the aiiparatus, to force all the rest of the ammonia into 
tlio Iq drochloric acid ; to guard against the inhalation of acid fumes, the 
fiiiction tube is filled with hydrate of pobissii, or a small aspirator is 
iLsed.f 

Liquid nitrogenous compounds arc weighed in small scaled glass bulbs, 
and the process is conducted as directed § 180, with this difference, that 
Bodadiinc is substituted for oxide of copper. It is advisable to employ 
tuliOH of greater length for the combustion of liquids than are rccpiired for 
solid bodies. The best method of conducting tlie operation, is to heat first 
about one-third of the tube at the anterior end, and then to force the liquid 
fiotn the bulbs into the tube by heating the hinder end of the latter; the 
txpcdlcd liquid will thus become diffused in the central part of the tube, 
without being decomposed. By a progressive apjilication of heat, proceeding 
filowly from the anterior to the joosterior end, a steady and imilbrm evolu- 
tion of gas may be easily maiiitiiined. 

Whoii the combustion is terminated, the bulb ai)paratus is emptied, 
tlii’ough the oj)eiiing at the point, into a small porcelain dish, an’d rinsed 
jutli water until the rinsings cease to manifest acid reaction. If liquid 
>} drocarboiis have been formed, the fluid is passed through a mois- 
tened filter to separate them. Solution of pure bichloride of platiiium;{; 
III excess, is added to the fluid, and the mi.xture eva[)oratcd to dry- 
ou a water-bath; the residue is treated wdtli a mixture of 
^ jo uiues of strong alcohol and 1 volume of ether. If the fluid acquires 
of r color, this may be Liken as a proof that the quantity 

uciloride of platinum added was sufficient; if not, a fresh portion 
m alcoholic solution) must be added.|| The resitluary double 


* Tt" • • 

cartr,„ indicated by the white color which the mixture reassumes when all the 
t The on the surface is oxidized. 

^ laver altogether avoided by adopting Bouis’ proposal, and placing 

^ If tl of lime, di;ied at 110°, in tho hind part of the tube, 

chloride contains an admixture of chloride of potassium or 

nitric!* .i'’inmqniuni, an excess of nitrogen is the result ; if it contains an admixture 
’ during the evaporation, cause the formation of chlorine and 

nitrogen ^®®^*l'*ction of a jtortion of the ammonia, and accordingly too little 

fke hichlor'ft It is therefore alw.ays necessary to ascertain the purity of 

H platinum. 

platinum with some of tho volatile bases produced in the 
*'*luble^in 1 nitrogenous organic substances (see above), are more readily 
of al , .^*'*'** arnmonio-bichlorido of platinum, ether mixed only with a few 
^11^ ether jf^th washing fluid, instead of the ordinary mixture of alcohol 

(‘L reason to suspect that such double salts of platinum are present 
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[§ 181 . 

salt of bichloride of platinuru and chloride of ammonium is finally collcfifd 
upon a weighed filter, washed with the above-mentioned mixture of 
and ether, dried, and weighed (comp. § 1)9, 2). The dried filter is wei diod 
best between two close-fitting watch-glasses held together by a clasp. Tde 
bichloride of platinum and chloride of ammonium so obtained is not 
invariably of a fine yellow color, but sometimes of a darker or brownish 
yellow. This is the case more especially with difficultly combustible sub- 
stances abounding in carbon, as it is less easy in such cases to avoid the 
formation of fluid hydrocarbons which blacken the hydrocliloric acid in 
the process of evaporation. Direct experiments have [)r()ve(l, lioAvcn er, tliat 
this coloratiop does not perceptibly impair the accuracy of the results. Tim 
purity of the bichloride of platinum and chloride of" aminoniinu may be 
ascertained by reducing it to metallic platinum, according to the dii’cctions 
given in § 99, 2. 

The results are very accurate ; usually somewhat too low rather than 
too high (about OT — to f)-2 per cent,). Tliis may be owing to traces of 
chloride of ammonium escaping condonsiition in the absorption a[)|)aratiis, 
and being carried off with the permanent gases;* or to the combustion 
being incomplete, nitrogenous products of <lccompositiou Iteiiig evuived 
which are not precipitated hy bichloride of platinum; or, finally, tothetbre- 
part of the tube being too strongly heated, whereby a f)ortion of the ammonia 
is decomposed into hydrogen and nitrogen. It will be readily seen, tliat 
when, with the view of avoiding the second source of error, you provide a 
longer layer of granulated soda-lime (as D. Muldkr luis proposed) you 
increase the liability to error from the last source (W. KNoi'f). b die 
results are too high, this is usually owing to impurity of the bicliluride ol 
platinum. 

y. Pkligot’s jModification of Vaiirkntiiait and Will’s Method. 

§ 167 . 

The essential part of this modification consists in this, that tlio ammonia 
generated in the process of c.ombusti<-)n witli soda-lime, is received m a 
measured fpiaritity of standard suljdiiiric or oxalic acid; the amount o 
fre^ acid remaining is tlicn determined by neutralizing with standard solu- 
tion of soda, and tlie amount of the acid sjitnrated by the ammonia, an 
accordingly also the quantity of’ the latter found from the dilTereuco 
(comp. § 99, 3). . 

The most convenient way is to use the normal oxalic or sulpharie atu , 
(§ 213). 10 c. c. of this, contiiining 0-fi3 of cryskdlized o.xalic 

0'40 of hydrated sulphuric acid, and corresponding accordingly to 0 f 
ammonia, or 0T4 of nitrogen, will generally suffice for the analysjs 
0*5 grrn. of a substance containing 10 — 20 per cent, of nitrogen. 

The acid may be placed in tluj bulbs, fig. 134 or 135. In 
the fluid is accurately measured off into a beaker, as much as possi « 
sucked up into the bulb.s, and the point is rinsed ; allerthe 
acid, is emptied into the same beaker, the bulbs are rinsed, and 
is then neutralized. However, the receiver, fig. 13G, is more 
the purpose. The tube a — previously provided with the eaou c 

* On this account Muklor replaces the so-called nitrogen-bulbs by a U-tubo 
taining broken pieces of glass moistened with hydrochlorio acid. 

f Chora. Ceutralbl. 1800, 44. 



ORGANIC ANALYSIS. 


497 


topper h — is first connected hy tlie aid of a. good cork Avitli the comhnst ioii 
am] then the IJ-tube c — lia ving been charg(Ml witli tlie pmjper quantity 
if acid from n Moulds burette — is added. At tlic ter- 
iiiiiation of tlie coiiiliustion, wlien air has been drawn « 

lirou'di the apparatus, the tube a is rinsed into tlie | I 

pparatus e, some tincture of litmus added, and solu- | Jj 

ion of soda run into the tube from a second burette, ^1> 
iiitil tlieacidis almost blue. Now pour the contents of W flj 

hcapparatiis into a beaker, rinse with water, and conijih-te i [1 [ ij 

he iioiitrali/cation. With this receiver neither receding | j I 

or spirting is possible. By not pouring out the Iluid till / , fV /' .V 

ho point of saturation is nearly attained, you require loss p'' w p/ « 

ulterior rinsing the tube. The solution rif soda must ^jSlr 

0 perfectly free from carbonic acid. 1 prefer diluting W c ^ 

,, so that about 3 c. c. of it saturate 1 c. c. of the acid. 

This method is paarticularly well ^jited for technical 
11(1 agriculturo-chomical investigations. With acen- Fig. 136. 

ito measuring vessels, properly prcjiared standard 
iiids, and shilful manijiulatiou, it gives results hardly less accurate than 
10 method described in § IbO. 


C. Analysis of Organic Co.mpounds containing SuLriinn 
§ 188 . 

The usual method of determining the carbon in organic bodii's — viz., 
v coinimstion with oxide of copper or chromate of lead — would give re- 
dis too high in the analysis of compounds containing sul|>hur; since — 
ore especially ifoxidij of (•()p[)cr is used — a jiortion of the sulphur wimld 
■ eon verted in the [irocess into suljihurous acid, which would be ahsorbe-d 
ith the carbonic acid in the ])otash bulbs. To remedy tliis defect, v. 
iMnc; and WiiiiLKR interpose between the chloride of calcium tube and the 
•tash bulbs a tube 10 — 20 cm. long, filled with porlectly dry binoxide 
lead. Thus means is, according to the experiments of Carh s,* on the 
jO hand insuflicient to retain all the sulphurous acid produced in the case 
suh, Stances rich in sulfdiur, and, on the other hand, it is prijudicial to 
oearbon determination, as binoxide oJ' load has the power of taking iq) 
Jtieonsidorable (piantities of carbonic acid (Bi'Nskn). ('a rigs rccom- 
'^f'ds to burn substances containing sidphur in a tube (!() — 80 cm. long, 
lehroinate of lead, care being taken that the anterior 10 — 20 cm., wliich 
jmr (3 chromate of lead, are never heated above low redness. The 
lead may be used again tliree or ibur times without rcl’usiuu ; and, 
‘^ly)h treated by Vom/.s method (p. 93), it is just as lit for use as if it had 
^beon employed for tl\,o cond>nstion of a substance containing sulphur. 
Rh regard to Clokz’s method of treating the bodies in (picstion, see 
y Ihe presence of sulphur demands no modilication in the processes 
^enbed §§ pyr the determination of nitrogen. In 

’sbinces containing oxygen in presence of sulphur, the oxygen is estimiited 
the loss. 

regards the estimation of the sulphur in organic compounds, that 
is invariably weiglicd in the form of sulphate of baryta, into 
^ It may be converted either in the dry or in the wet way. 

,, * Annal. d. Cbern. u. Pharm. 116, 28. 
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a. Methods in the Drij Watj* 

1. Method suitable^ mure particularly^ to detennlne the. Sulplmr 
volatile Substances jmr in Sulphur^ e.g.^ in the so-called Protein 
pounds (v. Liebig). 

Put soniG lumps of liydrate of potassii, free from sulphuric acid, Ci; 
G, 0 ,) into u capacious silver dish, add ^ of jnire nitrate of potassa, aiHliiiN. 
the mixture, with addition of a few drop)S of water. AVlien the m.i^s iv 
cold, add to it a wei^died quantity of the linely j)ulverizcd sul)staii(e, lii>H 
over the lamp, stir with a silver spatula, and increase tlie heat, contimiii!^ 
the operation until the color of the mass sliows that the carbon s(j]iuiatu! 
at first has been completely consumed. Shoidd this occupy too niinli 
time, you may accelerate it by the addition of nitrate ol’ potassa in siii:(il 
portions. Let the mass cool, then dissolve in water, sujiersat unite tli*,' 
solution with hydrochloric acid in a capacious beaker covered with a gla.^s 
dish, and precijiitate with chloride o|J)arium. Wash the precipitate wdl 
with boiling water, first by decantatio^ then on the filter. Dry and igiitc. 
Treat the ignited sulj»hate of baryta as directed ]>. if tins latur 

operation is omitted, the result is almost alwiiys too liigh. 

2. Method adapted more particularly for the Analysis of nou-volatHe onhp- 
cultly volatile. Substances containing more than 5 per cen t. of' Sid pit nr ( K(ii,ia:t ). 

Introduce into the posterior jiart of a straight combustion tul)e,J 4(1— la 
cm. long, a layer, 7 — <S cm. long, of an intimate mixture of 8 parts ot juin' 
anhydrous carboifitc of'soda, and 1 jaart of pure chlorate of ])otassa,|j aliiv 
this introduce tlie weighed sub.stance, then anotlier layer, 7 or (S cm. lon.i;. 
of the same mixture; mix the organic com})ound intimately with the cm- 
bonate of soda and chlorate of }) 0 tassa, by means of thii tiiixintr wire 
(fig. 112, p. 4().S) ; fdl up the still vacant part of the tube with auhydi'ciis 
carbonate of soda or potas.sa mixe<l with a little <!hloratc of'potassa. (dear a 
uvV/c passage from end to end by a few gentle tu])S, ))lace llm tube in a 
combustion furnace, heat tlie anterior j)art to rcdne.ss, and then, promav- 
ing slowly towards the po.sterior jiart, proceed to surround with rcd-lict 
charcoal the part occupied by the mixture. In the analysis of .suhst;im'i> 
abounding in carlion, it is advisalile to introduce into the ]) 0 steri()r I'lut c 
the tidue a few lumps of jmre chlorate of' potassa, to insure coinploto com 
bustion of the carlion, and perfect conversion into sulphates of the cem 
jiounds of potassa with the lower oxides of sidphur that may have toimo 
The sulphuric acid in the contents of the tube is determined as in 1- 

3. Method adapted for the Analysis both of non-volatile and 
Substances, but more esjacially the latter (].)ehus^). 

Dissolve I ecp (149 parts) of bichroinate of jiotassa purified by 
zation, and 2 eq. of carbonate of soda (lOG jiarts), in water, 
solution to dryness, reduce the lemon-colored saliiie mass (Ivf), 9 '^ i,, 


(IrO + NaO, CO^) to powder, heat to intense redness in a Hessian , ^ 
and transfer still hot to a lilling tube (fig. 109, p. 4GG).** When the pa" 

* Comp, 6, 2, /3. + Supplemente zum Handworterbuch, 

t Sealed and rounded at the end like a test tube, {Uidc.'ir 

II Instead of this mixture J. T. Hobson employed one of chlorate of po ^ 
bonate of magnesia, Quart. Journ. Chem. Soc. 10, 65. 

•fl Anna), d. Chem. u. Pharm. 70, 90. losea""''" 

** The saline mass must always first be tested for sulidiur. adtb'f 

portion of it is reduced with hy<lrochloric acid and alcohol, chloride ot .’h ^glioul'l 
and the mixture allowed to stand 12 hours at rest. No trace of a piecip 
be discernible. 
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•, cold introduce a layer of it, 7 — 10 cm. long, into a comnio?! coinluistiori 
tn!)e- then introduce tlui substance, ami after this anotlier layer, 7 — 10 cm. 
loirr’of the powder. Mix intiniately by means of tlie mixing wire, tlieii 
{ill the still unoccupied part of the tube witli the siiline mixture, and apply 
heat as in an orditiary ultimate analysis. When the entire mass is heated 
to redness, conduct a slow stream of dry oxygen gas over it for J — 1 hour. 
tVhen cold, wipe the ash off the tube, cut tlie latter into several pieces over 
a sheet of paper, and treat them in a l)eaker with a sufficient (piantity of 
water to dissolve the sjiline mass. Add hydrochloric acid in tolerable excess, 
then sonic alcohol, and ajiply a gentle lieat until the solution shows a binuitiful 
irreen color; filter off the sesipiioxidc of chromium |)ro<]uced by tlie com- 
liiistion (this contains sulphuric acid); wa.sh first with water containing 
livilrochloric acid, then witli alcohol, dry, and transfer to a ])latinum crucible; 

I add the filter ash, mix witli 1 part of chlorate and 2 parts of carbonate of 
jioiassa (or sodii), and ignite until tlie sesquioxide o<‘ cliromium is coniplct dy 
converted into alkaline chromate, llftsolve the fused mass in dilute hydro- 
chloric acid, and rc<luce by heating with alcohol ; add the solution to the 
lliiid tiherod ifoni the sesquioxide of chromium, heat the mixture to boiling, 
anil precipitate the sulphuric acid with cliloride of barium. Dehus’s test- 
aiialvsos were very satisfactory; thus lie obtained 99'7<» and OD'oO ofsiil- 
[iluirlbr 100, again d(>2 of .suljdiur in xanthogenamide for c<.’c. 

4. Method equal! f/ adapted for the Aualf/,<f.'i of Solid and Liquid Vo/a~ 
till Coiupouruk. (W. J. liussEiu. ;* suggested Ivy IUinskn.) 

Introduce into a combustion tnl>e, 40 cm. long, sealed at tlie |)ostorior 
lend, lirst 2 — 3 grm. pure oxide of mercury, then a mixture of C(pial parts 
!"1 oxide of increury and imrc anhydrous (?>lrl)onate of soda, mixed with 
tlic snbstaiico, and hll up the tube with carlionate of soda mixed with a 
I'ttle oxide of mercury. Connect the open cud of the tube with ^a gas 
delivery tube dijipiiig under water, to clfei't the condensation- of the mor- 
t-'iinal liinies. Place a screen in Iront of the part of tlie tube occupied liy 
liio Hul)st;ui(;e, then heat tlie anterior part to bright redness, and maintain 
toniperaturo during tlie entire process. At tlie same time, heat another 
portion of the tiilie, nearer to the end, Imt not to the same degree of in- 
^'■iidty, so that there may be alternate parts in the tube in which the oxidf 
d mercury is left undccomposed. When the part before the scrciui is <'it 
redness, remove the screen, lieat the mixture containing the sub- 
d'l'ice, regulating the application of lieat so as to insure complete decom- 
l"'-!itioii ill rile course of 10 — 15 minutes, and lieat at the same time the 
unlieated parts of the tube, and lastly also the pure oxide of nurcury 
' ^ extreme end. _ The gas must be testeil from time to time, t ) a^eer- 
whctlier it contains free oxygen. Dissolve the ooutents of the tube 
]'ator, add some chloride of mercury, to deeonqiose the sulpliide of 
sul uiay liavefoViiied, acidify with liydrochloric acid, oxidize tlie 

liiviir ^ wliich may have formed, with chlorate of potassi, and 

oljN tlie sulphuric acid with chloride of barium. W. J. Hussell 

by ni{>thod very satisliietory results in the analysis of pure 
i'du, sulphocyanido of ])otas.siiuii, and bisulphide of carbon. 

J'MiOfls in the Wet Wai/. 

■ Aocording to Rivot, Ueodant, and Daguin,'|' the sulphur in organic 

* Quart. Journ. Chera. Soc. 7, 212. 
t Comp. rend. 37, 835 ; Journ. f. prakt. Glioui. 61, 135, 

K K 2 
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conipounds may be remlily (IctormliHul by lieating willi pure solution 
jiotassa, adding 2 voliiim's ol' water and conducting cliloriiie into tlio (]ni,| 
Wlioii tlio oxidation is effected, the solution is acidified and Ifecd fn,i,i tiJ. 
excess of cldorine by apj)lication of licat, then filtered, and tlu- flltrat, 
precipitated with cbloride of barium. I\fr. C. J. IMEit/, in my lalioiainiv 
has employed both this method and v. Likiu<;’s (u, 1) in the analysis i f 
fine horn sliavings. The j)rocoss a])pears convenient and exact.* 

2. After CAUius.f Tliis cliemist lias made tlie detonninatioii of .snl|)liiir 
(pliospliorns, chlorine, bromine, iodine, arsenic and other metals) tlic 
subject of a comjmeheiisive investigation. To him we owe the rellowin: 
methods, which in skilful hamls are not difficult, and wliieh have tlnj ad- 
vantage over tliose already described especially in this, that tlu; aiiioimts 
of reagents brought into play are not so large, a moderate (piaiitity of nitric 
acid I'cing usually employed. The very numerous test-analyses leave 
nothing to lie desired as regartls aecm-aey. 


a. MdJiod^ suitable for all bodies confainiia/ Sulphur (orijniiii’ ami iih 
organic) U'ith (he exrrptiou of those irhicli i/ield ati hither of Sul fiavim J[(mI 
on Oxidation with Nitric Acid at the ordiuarj/ pressure. 

•IT) to '10 grin, sidistance is Liken. Fluids 
are introduced into a glass bulb as described 
p. 174. Fig. 1.47 represents a bull) filled with 
fluid. The (jiiantityof air (‘nclosod should he 
small, th(! cuds must lie bent and very thin in 
the gla.s.s. In the ease of solid bodies, a small 
bnlb-tnlxi (Jig. 14<S) is used of' thin glass and 
with a neck 2 or 4 mm. wide*. 44u; tube is 
first weighed, and tlien tlu; bulb is nearly filled 
with the powdered substance'. Tlu; tulx; is rc- 
weighed and .sealed (df as in fig. 141), care being 
taken, that while none of* the substance is de- 
compeised, at the same time only a slight amount 
of air is enelo.scd. 

The bulb thus prepare<l is introdiieed, to- 
gether with a snflicieiicy of pure nitric acid, into 
a tube of Bohemian pofish glas.s, sealed round at 
one end, of 10 — 12 mm. inner diameter, and of 
such a longtfi that when sealed up it may be at 
most only half lill(;d. '^I’hc upper end of the 
tube is then thickened before the lamp, as re- 
jiresented fig. MO, anrl afterwards drawn out 
at a to a thick-walled capillary tube. 

As regards the amount of* nitric acid to be 
ein]>loyed, we must first calculate liow ranch 
oxygen tlic substance to be oxidized requires. 


Fig. 137. 



Fig. 139. 


Wo then Lake as inucli nitric acid of 1*2 sp. gr. as contains 4 
required amount of available oxygen, reckoning that all 5 of fix' f’4-, 


oxygen in are available (1 grin, nitric acid of 1'2 sp. gi- 

* Two experimentH were made with each method, on horn dried at . 
centages obtained were as followa : — By v. Liebig’s method, 3’37 and 3 o > 
present method, 3'31 and 3'33. 

+ Annal. d, CJiuia. u. Phaim. 110, 11. 




The 
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grm. of such oxygen). Bodies which require tlie least oxygen must 
thi.i-ofcrc be fiirnislied with 20 times, and those whicli require tlie most 
oxvgeii, with 00 tinuis their weiglit of nitric acid of the said gravity. 

The tube, after being filled and drawn out as directed, is 
hold round the middle with a holder, and the fluid is heated ^ 

to hoiling hy moving the tube lengthwise l)aekwards and f '' J 
forwards through the flame till the nitric acid vajKu* issues 
wifli violeucc. As .soon as the air has been thus driven out lla— a 

of die tube, the capillary tube is .sealed. Allow to cool /'% 
diditlyand then .shake till the two jioints of the luill) con- ./ ’ ^ 

taiiiiiig the substance are broken, ojicnings being formed .at 
both LM ids about 1 mm. wide : this is alisolutely nccessarv to 
eHi'ct a rapid and complete oxidation. When .shaking a ^ ,1 
cold tube of thi3 aliove descripition, /.c., containing a fluid and i ‘ - 
11 vaciKius .space, the fluid beats hard against the glass, and j, ' 

llio jioiiit of the capillaiy end is liabh' to break if it is not !' ", 

very narrow (like an ordinary thermoim'ter tube') and is not ! : 

tolerably thi(*k-walled. The glass tube is now inserted into I j 

:iii iron tube, and cautiously hea.t('d in an air, jiaraflin, or ^ 

metal bath, the iron tube being only loo.s<‘Iy closed in front, ' 

;i'id provision being made (by inverting a wooden box ov('r ^ 

the batli, or by some other contriv.aiice), so that if an explo- 
don .should happen it may do no damage. I use, my.self', in 
o.xpciriiueuts a copjier box with four piece's of wrought- 
ii 'U gas ])ipe riveted into it. This is filled with paraffin into t' » 

tdii('li a thermometer dips. [ M 

h.utuis employs the slu'ct iron air-hath figured below; it < ' jm 
ttbM.ioii tains four tubes. f, jjM 

I’helieat i.s maiiitaiiiod at 12<Pto 1 40'^ according to the 
d iuilty of ofleeting oxidation ; in the ea.se of’ very dilHculth^ 
jviuzable .sub.staiiees it is finally raised to lbO\ and conlfmiu'd t iWM 
'S hours. The tube is thou allowed to cool, and the 
I’‘»'it hcfited cautiously to drive aw.av all the fluid it cou- 


t'uiis. The 


e.xtreme point is afterwanls heated to rediies 


a.s.s becomes blown out, ;md the gasivs escape. If you 
‘ in uouhtasto whether tlui o\id.-i|i|ii h.as hec'u completed, 

soon :iy tl,.. ...... 1.,.,... 1 1. .... 


\\ the ))oint 


soon as the g.i.ses have escaped, and luxit once more. If. whe 



141 . 
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tlie point is opened, no more gases stream out, tlio oxidation is 
Now cini>ty the tube, rinse it, dilute and determine the sulphuric iuidl.v 
precipitation witli chloride of barium. Tlie ignited snlpliate of Uryu 
must be j)urihod as directed p. 2CG, before it can be weighed. 

/3. Method^ ichwh is to he emp/ot/ed in the cases excluded from a. 

For those bodies whose sulphur cannot bo com])letely eon verted imo 
sulphuric acid by nitric acid under the circumstances given in u, ( .ums 
employs a process of oxidation, in which the object is chielly atfained in 
the dry way. The substance is dissolved in tibout 20 tiinos its wci^dit 
of nitric acid of F2 sp. gr., the fluid is neutralized with carbonate of soda, 
crystallized carbonate ol soda is added to the extent o1 times the wcirli! 
of the vSiilistaucc, the solution is evaporated to dryness in a silver disli, tin 
resiilue heated gently to calm lusion, dissolved in water, and iieutnilizii 
with nitric aidd. Finally, add a dro[> ot hydrochloric acid to the limliiy 
dilute hot fluid, to remove any silver that may have been taken up from 
the dish, filter, and precI|)i(ato with chloride of barium. The results uh 
taiiicd by this method with ethylsulphite ol ammonia, na[)hthylsulpliltt* oi 
soda, liisLilphidc of cacmlyl, v'i.'c., were very satislactory. 


Substances leaving 


. ^ ash on incineration, tind wliiidi may therefoiv be 

jiresuined to contain sul[)hates, are boiled with liydrochloric acid ; thcs'lu- 
tion obtained is filti^red, and the filtrate tested with chloride ol' lianiiin. 
If a precipitate of sulphate of baryta forms, the sul|)hui' contains in it 
is deiiucted from the (piaiitity found fiy one of the niethcKls (leserilM.d abuvr, 
the diflerence gives the (piantity ot the sul[)liur which the aii.il}sei sii ' 
stance contains in organic combination. 


D. L)kteu.mination ok Fnosnuomts in Ouuanic CoMroLNus. 

§ m. 

Mt’i.DEU, who has occupied himself much with the detoiinliiatiou o 
]>ho.sphorus in organi(; substances, recommends the following '7 ■ 

Dissolve a weighed portion of the sul (.stance by boiling with h} i nn* 
acid; filter, if n<!cessary, and detmaiiine the [diosphoric 7 

fluid may contain, by BKirruiiai’.s ^lethod (§ l.'M, I, d). '["'Ij j‘ 

weighed jiortiou of the substance *th nitric acid, and treat t lo 
the same way as the hydrochloric acid .solution. If you find in 
the same |)ercentage of* phos[(lioric acid, the substance contains t k ^ ^ 
phorus only in the form of jdiosphoric acid ; but if y<ni n 
]>roportion of acid in the second experiment than in the ^ *77^, jijnic 
indicates the (piantity of pho.sphoric acid formed by the action o 
acid ufioii ])hoKphorus contained in the analysed coinpoum m 

oxidized state. _ ... r fhr substance 

The phoHjdiorus cannot be determined liy incineration o ^ ^ 

and examination of the ash. Vitellin, which, when treater ^,,41 
acid, gives d per cent, of phosphoric acid, yields barely 0 o ]>er c 

(v. Baumiiaueii). , , 1 19 

Tlie methods described in § 188, «, 1, 2, 4, and b, 1 
be employed to determine the total quantity of phosphorus 

substances. jp nccrs' 

Caiuu.s (dh.'cts the oxidation by the method § 188, b, 2, a, ^ ol 

sary — /3, neutralizes the acid solution with ammonia, aus 
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5 190.] 

ammonium and then precipitates the phosphoric acid at once as animonio- 
j,]ios|)]iatc of magnesia (§ Idl, b). If the substance contains sulphur as 
well as pliosplionis, prcjcipitate the sulphuric acid first witli chloride of 
liaiiuiii, then remove the excess of baryLi ])y sulphuric.acid, concentrate 
liv (;\aj)oration, and finally determine the phosphoric acid. 

E. Analysis of Oroanic Substances containing Ciilouine, 
Bromine, or Iodine. 

§ 190. 

SnhsifUices containimj Bromine and Iodine are analysed gener(dhj in the 
mine manner as those containing Chlorine. 

Those portions of the foUotring § which are enclosed between square 
hntii'efs refer exclusively to combinations of Iodine or Bromine^ as the case 
mnii be. 

Tlic combustion of organic substances containing chlorine with oxide 
of co[iper gives rise to the formation of snbchlori<le of copper, which, 
wore the proc.ess conducted in the usual manner, would condense in the 
chloride of calcium tube, and would thus vitiate the determination of the 
hydrogen. This and every other error may be prevented by the employment 
of cliroiriate of lead (§ 17()). The chlorine is, in that case, converted 
into chloride of lead, and retained in that form in the combustion tube. 

If the combustion is effected with oxide of copper in a current ol* 
oxygen, the subchloride of copper is decomposed by the oxygen, oxide of 
O'l'per and free chlorine being formed ; the latter is r(‘tnined [)artly in the 
chloride of calcium tube, ]oartly in the ])Otash bulbs. To remedy tliis 
defect, Stadeler'*^ proposes to fill the anterior part of the tube with clean 
o'l'pcr turnings ; these must bo kejot red-liot during the combustion, and 
the current of oxygen must be arrested the moment thc}^ begin to .oxidize. 
Iv- KiiAurj observes with relerencc to this process that it is w(‘ll to place a 
toll of silver foil about 5 inches long in front of the layer of metallic 
copper. Ill the absence of the silver the transmission of oxygen has to 
I'c conducted with caution, in order that no chlorine may be ex[>elled from 
'lie subchloride of copper first formed, but by adopting KuAur’s recom- 
'iiendatiori we may continue passing the gas without fear till it esca])es free 
h 0111 the potash tube. [In the case^bf substances conUiluing iodine, it is 
j'eedlcss to employ metallic cop])cr as well as .silver toil.] The silver may 
*0 used over and over again, but at last requires ignition in a stream of 
'jdrogcti. According to A. Yr>LCKER,J the evolution of chlorine may he 
pi’OU'iited by mixing the oxide of copjier with ^ oxide of lead. 

L^"die analysis of bodies containing bromine the above methods do not 
‘‘ ‘luswcr. V. CiORUI’-Besanez|| satisliod himself of this by analysing 
^ ‘.’J’ouioty rosin. Wlictdier this body was burnt with chromate of lead, 

a iiiixture of chromate of lead and chromate of potash, with oxide ol 
and oxygen and an anterior layer of chromate of lead, with an 
layer of copper turnings, wlictlier mixed or in tlie platinum 
ill whicliever way the analysis was porformod the carbonic acid 
came out several pcr-cciits too low, because metallic bromide was 
TrTll enclosed carbon, tlicrcby preventing its oxidation, 

^etollowing process, on the contrary, yielded good results : — Into a com- 

Annal. d. Chem. u. Pharm. 69, 335. t Zeitschrift f. analyt. Chem. 2, 242. 
bhem, Gaz. 1849, 245. II Zoitschrift f. analyt. Chem. 1, 439. 
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l)Ustion tube drawn out to a long point, introduce first a tlirco-indi i 
of oxide of copper, th(>n a ])lug of asbestos, tlieii a mixture of tij(. ,,, 1 ^ 
stance (finely powdered) wiili about an etjual weight -of well-dried exiil,, 
of lead in a pon^olain ])oat ; again a plug of asbestos, then graimlateil oxi,i„ 
of co[)per, then cliromate of lead or coj)[)er turnings. First Iieat tlie [in- 
terior and tlien tlie posterior layers to ignition, and warm the part, wlmv 
tlie 1)oat is, very (Xiutiously and gradually ; eva'rj thing eomlmsfilild disiils 
over, arrives at the oxi<le of coi)[)er in the (orni of vapor, and is tlmv 
burnt. In the l>oat nothing remains but a mixture of bromide and oxiili; 
of lead, (■omjdete the combustion with oxygen, tahing care not lo luat 
the point wIktc the boat is too strongly, nor to coutiniu^ the traiismissiiin 
of oxygen longer than neces.sary. ( )l)serve also that no bromide ul'ce|p(;r 
sublimes into the chloride of calcium tube.] 

As regards the determination of the cA/omc z/sc//', tins is usiudly elTedol 
either (n) l)y igniting the substance with alkalies or alkaline earths, liv 
which process all the chlorine is obtained as cldoride, or [b) hy uxidizini: 
the su]>stanee with nitric acid, Ac., in a sealed tube. 

<L As chloriiio-frec lime is easily (>htaina))]e (by burning marble), ilil? 
body is usually preferred to effect tiie decom})osition. It must always br 
tested for chlorine ])revioiis to u.se. 

Introduce into a eonilmstion tube, about 40 cm, long, tlie posterior end 
of wliiidi is sealed and rounded like a. test tube, a la} er oi' liiiu', (1 cui. 
long, tlien tlie substance, after tliis anutlier layrir of lime, fi cm. long, and 
mix with the wire ; till the t ube almost to the month with lime, clear a 
free passage for the evolved gases hy a few gentle taps, and a[)[dy heal in 
the n.siial way. Volatile fluids arc introdneed into tlie tube in small glass 
bulbs. When tlie d<.*compositioii is terminated, dissolve in dilute iiitra; 
aeid, and precipitate witli solution of nitrate of silver (§ HI). Koli’-k 
tveomnH'iids the lollowing process to (ditain the eonteiils of the comhiislmn 
tube : — When the deeom|>osition iscom|deted, remove the charcoal, inserl a 
cork into the ojieii end of the tulie, rmiiove ('very particle ol a.sli, and 
imUK.Tse the tube still liot, with the seahal end downwards, into a heaUr 
tilled two-thirds witli distilled water ; the tulxi lircmks into many ]de('es, 
and the contents are then nmn! readily acted upon. As in this melhcdta. 


ignition of compounds abounding in nitr<»geii 


)o attended with Ihr- 


iiiatioii of (yanide of calcium or (yaiiido ol‘ .sodium, tlie se[)aratiou I'l 
(dilorido ami cyanide of silver, if required, is to be effeetcid hy the jinnags 
given in § Ifih, (I, /> (Nkluiaukk and Kkknek*). In the analysis ot 
organic compounds containing chlorine (c.y., cliloro.spiroy lie acid), the 
riiie may olteu be deter/niiied in a siiiijiler maimor, vi/., by dissolving 
snb.st'iiice undt-r examination in an exce.ss of dilute solution ol 
evaporating to dryjie.s.s, and igiiiliiig the residue, by which means the " 
of tlie clilorifie jn-esent is converted into a soluble (, dilorido (Lown-). 

h. C.\niu.s has found tJiat the metliod already (hvserilmd § 
answers ;d.so for tlie detoriiiinatiori of chlorine. His original pro(‘^} 
to ojien the tiilie after the oxidation had lujcn effected, under a 
sulphite of soda cautiously; hut lie lias sub.seipiently i)uhlislie< 
provemeiit upon tln’.s.'|' A slight excess of nitrate of silver is me ^ * . 
sidistanef; and the nitric acid Ixdiire digc-stiou. The whole oi 
of tho* organic suh.stance i.s sejiarated as chloride ol silvtm. [ 

iodic acid.s cannot form, as the nitrous acid simultaneously geneiatu 

* Annal. d. Chem. u. Plmrm. 101, 324, 344. f N. Jalirb. f. rharni. 10, - 
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rodiict! tlinm.] The decomposition of or'^anic substances Lakes place with 
('xtraorrlinary ease in the presence of nitrate of silver— with most bodies, 
partially at least, even in the cold. In the case of aromatic compounds 
till' full separation of the halogens is more difficult; with such bodies it is 
advisalile to make an addition of bichromate of j)otassa. The oxidation 
then take.s place readily and completely at the .sole exiiense of the chromic 
acid. The chromate of silver, which in tliis case is separated at the same 
time, is completely removed with ease, by diluting the acid fluid considia- 
al)ly and heating ladbre filtering oil the chloride of silver. The precipitate 
of cliloridc of .silver is weighed in all cases with the broken bulb, the 
wf'ipdit of the latter being subseipiently deducted. (lAnius recommends, 
before filtering off, to neutralize the greater portion of the free nitric acid 
with })urG carbonatii of soda. 

c. In more readily decom])o.sable corni^ounds, c.c;., in the snli.stitntion 
products of acid.s, the halogen may al.so be determined liy decomjio.'^ing 
the siihstance by contact during .several hours with water and sodium 
aiiialgani, acidifying the fluid with nitric acid, and precipitating with 
silver solution (Kkkulk*). 

F. Analv.si.s of Organic CoMPoi;Nr).s containing Inorganic Boi)ii:.s. 


§ 101 . 

In the analysis of organic comjxmnds containing inorganic bodies, it is, 
of course, luuu-ssary first to asimrtain tlie (juantity of the latter before piro- 
ceediiig to the determination of the earlion, Ac., as otherwise the amount 
ol the organic body who.se constitmmts liavc furnislied the earlionic acid, 
Ac., not being known, it would bo im])Ossible to estimate tlie oxvjxeii 
li'oin the loss. 

h the substances in ipiestion are .salts or similar comjxvunds, their bases 
'lie determined ])y tlie metliods given in the Fourth Seetioii ; but in ea.ses 
lore the inorganic bodies are of a nature to lie regarded more or h'ss as 
^"'Fndties {ejj., the a.sli in coal), tliey may usually bo determined with 
^’1 icieiit acciiraey by the comlm.stion of a weighed portion of the suh- 
'‘’UiiCf! ill olilicpiely placed platinum crueibie, or in a platinum disli, 

Ilf 1 tiylindcr to promote; the draught (see “ Analysis of Ashes’’), 

tie analysis of sulvstances containing fusible salts, even long-continued 
^ often fail to elfcet complete eombustion, as tiic carbon is ])ro- 
Ixfr lused salt from the action of the oxygen. In sueli ea.se.s, the 

wit] ^‘ffect the purpjo.se is to carljoiiize the substnneo, treat the mass 

jj, ‘”'*1 incinerate the iindissolvod residue; the aejueous solution 

J i 5kewiso evaporated to dryness, and the weiglit of the residue 

to that of the asli (comp. “ Analysis of Ashes”). 

^^^'iipounds whose ash eonLiins poLi.ssa, .so<ln, baryta, lime, or 
ifdiiv'*'^’ l^tirnt with oxide of copjier, part of the carbonic acid evolved 
bases. As, in many cases, the amount of car- 
nioi'(:j retained is not constant, and the results are, moreover, 

asc- die whole amount of the earbon is expielled and weighed 

effect iiedd, the oxide of eojjpcr is mixed with substinces which will 
tei’ov ' 1 deconipjosition of the carbonates at a high temperature, c.y., 
Of imtiuioiiy, jihosphato of copper, boracic acid (Fiucmy), Ac. ; 

^ coiiibustioii is effected with chromate of load, with addition of 

* Jahresb. v. Kopp. u. Will. 1861, 832. 
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of bichromate of potassa, according to the directions given in § 170. Tlif 
latter method descrve.s the preference. Accurate ex])eriment.s liavo sliown 
tliat in this case not a trace of carbonic a(;id remains with the l)aso,s. 

If the substance is weiglied in a porcelain or platinum boat, and tb 
cond'nistion is etfected accorcRng to § 17H, the ash, carbon, and liydroirrn 
may be determined in one portion. The amount ot‘ carbonic, acid cun- 
tained in the ash is added to that found by the process of coinlaistion; if 
the carbonic acid in the ash cannot bo calculated, as in tlie case of car- 
bonates of the alkalies, it may be dctcniiined by means ol‘ fused lunax 
(§ I3!t, If, 

In burning substanees conLiining mercury, the arrival of any of tin; 
metal <it the chloride of calcium tube may be prevented by having a lavtr 
•of copper-turnings iii the anterior part of the conilrustioii tiil)e, and fy 
not alloAving the foremost portion to get too hot, 

Substanees with radiems conbiining metiils, or suhstances contaiiiii!;:: 
volatile metals, may be analysed extremely well by the method ol' Caku s 
(§ 18S, /y, 2, a). The ineLils are determined in the nitric acid solntion 
j)ro(luce(l. If the bodies also conUiin sulphur or chlorine we may .scpaiaie 
the meuds witli carbonate of soda (.supposing, of course, that tlicy an.; inc- 
eipital)le by this reagent), and then determine the acid in tlic liliraic. 
The matter takes a somewhat (hdn’ous form, wljeii in.solul)l(* precipitates 
(such as sulphate of baryta) are jn’oduced by the oxidation; we must tlicii 
]dek out the fragments of gla.s.s, which is not dillicidt, if they art; liirgo. 
()t}ier\vi.so the jirecipiLitc, together with the small pieces of glass, iiiiisl I'O 
subjected to a separate analysis. 

Supplement to §§ I7I — 191. 

§ 

Thk ‘Proces.s fou the Determination of Cahhon, Hydrookn, and 

NlTIUMiEN, AS MODIFIED I$V CLOl'y,.* 

This method is a])plieable to solid or fluid, uoii-volatihi <>r vulatllc 
bodie.s, M'hether they consist of carl)on, liydrogen, and oxy gen only, 
whether they contain also nitrogen, sulphur, chlorine, bromine', iodine, oi 
inorganic bodies, 

I have thought it best to reserve all consid(;ration of this process for tlic 
pre.scnt suj)[)lemeiit, so that I may be enaleled to present the mclhod m ■> 
(;onnec*ted Ibrm, The characteri.stic fc'atnre of the method, whicli i'‘ 
general is modelled after that de.scrib(!d in § 1 78, consists in this, that tin' i; 'Cj 
combu.stion tubej and the oxygen are rcplaccjd by a wrought iron pi]’t' 
j»uri(ied air re.spcctivedy. In consequence of the first change the appaui'^'^ 
can })e used again and again, and is therefore especially suited lor extcii 
sive series of exj)eriment.s of seicntific or technical interc.st. The 
of the method has been fully proved by numerous test-analyses o 
most various kinds. The great majority of tlie results obtaine< 
thoroughly satisfactory. 

The combustion tube A B (fig. M2) is of wrought iron, 20 
in diameter and 115 cm. long. Doth ends project 20 cm. from 
nace. The first thing to do is to oxidize the inner surface of the 0^ 
lieating it to redness and transmitting a current of steam. As 
object is fully accomplished, fill tlio middle part of the tube, between h J'* 

* Annal. de Chini. et de Phys. S^r. III. 68, 394. 
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witli a long strongly ignited coarse oxide of copper, 

ke ping it in its place with spirjds of copper foil superficially 
oxidized. The empty portions of the tube, F B and A E, are 
destined to receive long seniicyliiidrical boats of strong sheet 
iron, which can be pushed in and drawn but by means of iron 
wires fastened to the end of each. The boat to be f>laced in the 
.interior i)art of the tube at /> is 20 cm. long; in the combus- 
rimi of sid)stances containing carbon, hydrogen and oxygen, it is 
filled with coarse oxide of copper, or — if the sub.staiicc is readily 
{oiidrnstible — this boat is left out; in the analysis of nitrogenous 
liodies, the boat is filled with freshly- red need copper-turnings ; 
and ill the analysis of bodies containing sulphur or chlorine the 
lid.'it is filled with red lead or with cliromate of lead. The boat 
lo 1)0 placed in the posterior part of the tube at C E is dO em. 
Iniig. In the combustion of substances containing only carbon, 
liydrogcn, and oxygen, it is filled with moderatelv ignited oxide 
(it copper; in the analysis ol substances containing su1})hur, 
('iiloi'iiie, or bromine, it is tilled with fused and [towdereil c hromate 
ot loud. T\) collect the waiter produced in the combustion, CLoi-y. 
u^es a U-tube filled with fragments of pumice moistened witli 
siilpliuric acid, then f'ollow the potash bulbs and a IJ-tube filled 
^vitli pieces of hydrate of poUissa. The air which is to jiass 
through the combustion tube is first conducted through a small 
hottlu containing dilute solution of potassa (the entrance-tube 
"lily just dip])ing into the fluid), then through a standing evlinder, 
narrowed towards tlie bottom, containing jmmice saturated xvith 
i^nlphuric acid (see i, fig. (il, p, 175), then through txvo long hori- 
^eiital tulles with turned-up ends, the first of wliich is filled with 
J'"ious (jhloride ol calcium, the second with fragments of hydrate of 
potassa. 



!>up|)ose wo have to bum a solid sul)stance composed entirely 
"1 carbon, hydrogen, and oxygen, botli the boats arc filled with 
of copptir, the tube is luiated, as far as it can be heated by 
^ 1C furnace, and a slow stream of air is passed for U) to 15 
''‘Unites; tile anterior end of the tube' remaining open. Now 
cw the ])art of the tube C E to cool, bike hold of the tube 

with the tongs (fig. Ho), 
remove tlie stopper /I, 
take out the boat and 
allow it to cool in a closed 
iron tube kept for the 
Fig. 143. jjurpose, if you do not 

til, 3 con t • prefer to lot it remain iu 

^5e boat is sulheiontly cool 
^ * I'om the tube, place it on a sheet of thin copper foil, 

and witli the polished iron 
liook (fig. 144) transfer a 
imrtioii of the oxide of 
copper to the small brass 
shovel (fig. 145). Now 
quickly distribute the sub- 
‘ stance over the oxide of 
I Hr left in the boat, cover it with the oxide in the shovel, 



% 144. 




Fig. 142. 
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place t-lie boat at once in tlie combustion tube, witli wliicli tluj alisnij,, 
tion a[)})aratnscs have l)ecn previously connected, close the postorinr t.|„| 
of* the tul>e with its cork, and pass air slowly through the iipparatii^. 
Tlie combustion is conducted as usual, i.e., the substance is heated. In ui,,. 
ning in front and proceeding towards the back, while the niidill(' ami a,,, 
tcrior portions of the tube are kc[)t red hot. A conij)arisoii of tli( air- 
bubbles ])assing through the potash bottle of the air-purifying a))])araiii> 
on the one side, and the weighed pobish bulbs on the other side, will eiialil 
the O|)erator to see how tlie process is going on and wlien it is finisliKl, 
Ihnallv, the weighed alisorption a])paratuses are removed, the licatiii'; (d 
the tube lieing eontinue<l with transmission ol* a ])OW(“rful stream of air [i 
r<'oxid#:e the reduced e()j)]>er, and the operator procec<lsto the nextiiiialv is, 
Fluid non-volatile substances arc treated in the same w'ay ; tlicy arr 
transferred to the oxide of copper in the boat C E by the aid of a drauii- 
out tube, and their W(dght is ascertained by rewanghing the tube. Volatilr 
liydrocarbons (amyleno, lienzine, Ac.) are weiglied in a small st/)j)]i('ro(l rnl o 
with a drawn-out end. The stopper being removed, the tube is laid an 
the oxide of copjier in the boat C /f, at the (.‘iid, the boat is insortcil into 
the combustion tube, an<l a slow stream of air is transmitted through i1m' 
tube, the anterior half of whieli is red hot. If the stream ol’ air is in i 
sufficient to convey the tliiid at tin; ordinary temperature to tlio oxiile "t 
cojiper, the part of the tulie containing the fluid must be luxited, jtrocL'oliii^ 
from the front to the back. 

In. tlie eoinlmstion of nitrogenous substances, tlie iron boat /h (iHoil 'viili 
oxide of et)pper, is rejilaccd by a eoj»p(‘i’ boat lilli'd with eop])(‘r tiiriiing'. 
whose surface, at first oxifli/ed, has been reduced liy ignition in a sfivam 
of hydrogen. The cunamt of air must Ik*, jiartieularly slow in dn' fn'^ 
part of the operation, and somewhat more rapi<l towards tlie close, in oidi r 
that tlie anterior part of the boat may remain metallic to the end, and iii;g 
conseipiehtly not lo.se its power of rodiieiiig the oxides pf nitrogen. 

In the analysis of .substances eonfaining .siilplinr, (diloriiio, hroniino, '"'i 
iodine, the lioat C E is filled xvith eliromate of hand and thn heat d 
with ])erfe(‘tly dry red leail or clironiate of lead, and the anterior ho.it i> 
lieatod only to iiiei[)icnt redness, 1^1 1 at its contents may not fuse. 

Organic sub, stances, (•ontaining inorganic liodies, are placed in a 
celain boat, which is jmshed up to the permanent layer of oxide of cnifct 
in the middle of the tube on a piece of platinum foil with tiirm'il'ii]' 
edges liy the ai<l of a wire fistenod to the foil. Wlien the jirodncb^'’^ 
dry distillation liave been eonsumed, the residual carbon is linall) *ina 
at the expense of tlio oxygen of the stniarn of air. In the ease o 
(lillienltly combustible suhstauees — for iristamm, tlie graphite-llke 
posited ill gas retorts — the operation takes a somewhat longer tune ij 
when oxygyn is employed ; but the re.sults are, as ( 'lokz declares, i . 
accurate. . . 

U'lie apjiaratiis is also desmdhod as being ajijilieable to the nstiniation^^^ 
vitrotj&n from the volume, afti'r the principle of Dij.mas (§ 
anterior boat is then filled with copper turnings that have been exi<^ 
and afterwards reduced ; the posterior boat with oxide ol 
substance. Into the posterior end of the tulie jaira earbonie aen ^ 
ducted liy means of a tube provided with a eo(;k, till all the air is ^ ^ , 
the cock is then turned off, tlie point of the gas delivery tube 
the front of the tube is put umler the eylinder filled witli mercuiy ‘"h j 
and tlic tube, which has previously been brought to redness in t le m 
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aii l ill front, is now licated belli rid ; fin.'illy tlio cylinder is raised us high 
as practicable in order to diniinisli as iiiueh as possilde the pressure ol‘ the 
mercury, and the cock being opened, carbonic acid is conducted tlirongli 
the tube till the wliole of the nitrogen is transferred to the cylinder. For 
the other details of the process 1 reier to § f85, an. In eonstructing the 
cmboiiie acid jipparatns, it must be renieinbered that tlie gas will have to 
ov'crconie the pressure of the mercury. 

HI. Dkteilmination of the lOtpJi valent of Organic Compounds. 

The methods of detei'iniidng the equivalent of organic eoinpounds differ 
essentially according to the jiropcrties ol‘ the various compounds. There 
arc three general methods in use for tliis purpose, which I will proceed to 
describe. 

§ 193. 

1. We (ascertain, the amount of a Bo(hj of Inown FnjHh'alent. icltkli 
ftinnx a un'U-cItai'arterizcd Com pan ml with the iSnhstance whose Equieuient 
w to be (ktermined. 

This method is pursued in determining the equivalent ol’ the organic 
acids and organic bases, and of many indifferent bodies ])o.s.sessed of* the 
property of combining with bases or acids. We occupy ourselves hero 
simply with the process; the mode of calculating tlie eipiivalent from 
the results obtained will be l*ound under “ The Calculation of Analyses.” 

a. The ecinivalent of o/yanic acids is, in most eases, determined from 
the silv(T salt, because tin; analysis of this is very simple, and tliere is almost 
always the ])ositive eertainty that the analysed sidt is not a basic or hydrated 
compound. Other sidts also are, liowever, freipiently used for the same 
piiipose, particularly those of lead, baryta, and lime. (In the analysis of* 
the lead salts, especial care must l)e taken not to misLike basic f(/r neutral, 
nor ill the analysis of the baryta and lime salts, hydrated lor anhydrous 

For the manner in which the determination of the bases in question 
hseilectcd, 1 refer to Section IV. 

b. The equivalent of onjanic bases forming well-cry .stallizable siilts with 
snl])huric, hydrochlorii;, or any other Easily determiiuul acid, is best 
ni^certained by estimating, by the usual methods, the acid contained in a 
tvciglicd amount of tlic salt. 

il the sidtsdo not erystallize, known quantity of the dry alkaloid is (after 
V. hiEHKj) introduced into a drying tul)e (tig. I Id), 
which is then accurately weighetl with its contents ; a 
dowcurrent ofdry liydrochloric acid gas is traiusiuitted 
througli the apparatus for some time; the tube ulti- 
matcly heated to 100° (see p. 44, fig. 32), and a 
^Jreaiii of atmosplieriii air transmittcil tlirougli it; 

quantity of the hydrochloric acid absorbed is 
kiind from the increase in the weight of the tube. Jig. 146. 

he accuracy of the results may bo controlled by 
* issolving the hydrochlorate in water, and precipitating the clilorine from 
solution by nitrate of silver. The equivalent of tlm alkaloids may l)e 
' cterminefi also from the insoluble double sidts produced by precipitating 
solution of tlicir liydrocldorates with bichloride of jilatinum; the 
' ^uble chlorides thus produced arc cautiously ignited (§ 124), and the resi- 
uary platinum weighed. 
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c. In the case of iudiffereyit bodies^ there is usually no choieo alioiu tlj,. 
matter, an<l we have to detcrininc the equivalent from the lead eoiu|,(uiiiil; 
since many of these substances either altogether refuse to entca* irito (',, 11 ,. 
bination with other bases besides lead, or only form with them eoiiUKiiin,], 
Arhich cannot be obtained in if state of purity. Although the delri inin;,. 
tion of the equivalent of an indifrorent body from the compoimd uliich t],,. 
latter forms with lead is liable to leave the matter in doubt, as tla^ oxidf 
of lead will often combine with such substances in varying propirtimn;, 
yet the analysis of such compoundsns always interesting in this— (hat w. 
learn by it whether the organic body combines with the oxide o1' lt;iil 
Avithout alteration, or gives up water upon entering into combijintioii. 

Organic sul)stances Avill also occasionally form Avith Avater solid and erv,';- 
tallizable compounds, by the analysis of Avhich the e(piival('nl of ihc 
organic body may be determined. 

§ 101 . 

2. The Spcci/ic Gravity of the Vapor of the Compound is determind. 

Of the numerous methods Avhich have been proposed for tlx; awoiii- 
plisliinent of this object, I shall describe only those tAvo Avliich are iiiuiv 
frequently employed in laboratories as the simplest and most siiitalik’. In 
all determinations of vapor densities it is neces«iry that the teiiUH'ratiiiviit 
Avhich they' are made should be sufhciently raise<l (at least 30 — 10° alnw 
the boiling point of the' sul)stances), so that the va])or may possess die 
coelKcient of expansion of the gases. The extreme importance ol tliis rule 
is evident from the Hict that at tenqieratures only slightly above tlu3 hulling' 
point higher densities are found, the densities (lecreasing Avith the iiicrcasL' 
of tenqjcraturc, and becoming constant only alter a certain })oint. 


A. T’uockss ok Dumas. 

The folloAving arc the outlines of this method : — A light glass gloh''. 
filled Avith dry air, and the exact capacity' ol‘ Avhich is altorwards ascei- 
tained, is accurately Aveighed ; the Aveight of the air in the glohe is c.i - 
ciliated at the temperature and atmospheric pressure obs(‘rved (hiring 1 
process of weighing, and the r(;sult subtracted from the first Aveight : 
difference ex])ress(i.s the Aveight of the exhaust<;d vessel. A more than 
euflicient (piautity of the substance, the density of the vapor ol which it ij 
intended to determine, is then introduced into the globe', and (‘Xpo>o 
to a uniform temperature sulfieiently above tlie boiling jioint ol ihv ’ 
stance, until the latter is completely converted into vapor, and tlm exci^ 
expelled, togctlier Avitli the atmospheric air originally contaiiioil J** ^ 
globe; the vessel is then sealed air-tight, and weighed. The ddh'^v'^ 
between the weight found and tliat of the exhausted globe, 
weight of a given volume of the vapeor; supplying thus the nocessat) 
for calculating its 8[)ecific gravity. ^ 

It is hardly necessary to remark that the volume ol the air dix 
vapor must be reduced to tlie same jireasure and temperature, an* ^ j 
scqucntly that the state of the barometer and thermometer must >e 
both during the first weighing and at tlie time of sealing the ^ 

This method is of course applicable only to substances which vo 
without suffering decomposition. To obtain accurate results, it is 
pensable that the substance be perfectly pure. 
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I will now procecfl to describe the analytical process ; for the manner 
of correctiiif^ and calculating the results, and interring the composition of 
the analysed bodies from them, I refer to § 204. 

a. App<^ratus and other Rerpmites. 

1. The SuiiSTANCE. — From C to 8 grammes are required. The boiling 
point must bo pretty accurately known. 

2. A Lir.iiT (Ilass Oloiie with drawn-out Neck. 

An ordinary globe of pure glass is selected, free from flaws and holding 
from 250 to 500 e. c.; it is carefully rinsed with water, and then thorough iy 
dried. After this, it is completely exhausted, dry air readmitted into it, 
and the same operation re])eated (tluj aj)paratus illu.strated in fig. 105, 
p. 4()3, is used for this purpose). The neck of the globe is then sollened. 
mar the bulb, and drawn out in the shape rcjmesented in fig. 117. 

The extreme point is cut off, and the edges slightly 
rounded over the spirit-lamp. (This point having to be 
sniled air-tight with the greatest despatch, at a subse- 
(|ii(nt stage of the [)rocess, it is advi.sable to ascertain, in 
the first ])lace, whether the gla.ss of the globe is readily 
fusil)le or not; this may be done by trying to seal the 
point on the original neck of the balloon ; should this 
proseiit any difficulty, the globe is unfit for the intended 
])urpo.se.) 

3. A SMALL I HON OR CourER Vkssel for the recejition of 
die fluid in which the globe is to be heated (sec fig. 148). 

The fluid which is to servo as bath must admit of* bein^ heated to at least 
0 **— 4(F beyond the boiling point of the .subsbmce under examination. Oil 
will answer the purpose in nearly all ca.ses wlnu-e a temperature higher than 
d lilt of boiling water is re([uire(l ; however, a <‘hloride of' calcium bath — if 
Its temperature, which in a perfectly saturated bath may be raised to 18(F, 
>s sufficiently high for the |)ur])osc — is more convenient than an oil-bath, 
tistliG globe may lie more eixsily cleaned. 

4- An ApPAHA'ru.s to keep the Olohe in Position. — This may be 
readily uijide Avith a handle and some iron wdre. During the operation, it 
'suttaelied to a retort -.stand (see fig. 148). 

A (jiiantity of IMkhcuuy more than siiflicient to till the globe. 

Jj- A graduated Tube of* about 100 c. c. caiiacity. 

A Ga.s- or Spirit-lamr and Blowpipe. 

A correct Barometer. 

• A correct Thermometer, capable of indicating the highest degree of 
the case under examination may require. 

llie Process. 

a thermometer inside the case of the 

iv.i ten minutes on the scale, to ascertain 

its weight remains constant. If so, the Aveight is noted, together 

i the height of the barometer, and the temperature indicated by the 
iGirnoineter inside the case. 

A ' Heat the globe gently, and dip the point deep into about 8 grrn. of 

®^i5stance, whicli, if solid, must have been liquefied by the application 
A gentle heat. (If the substance under examination has a high fusing 

‘ j the neck and point of the globe likewise require heating, to guard 


Weigh the globe, placing 
'‘‘lance. T.Pnv. fL. 



Fig. 117. 
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against tlieiliiirl solidifying too soon.) Wlicii the globe has cooled— wlii,], 
in the case of very volatile subsLinccs, is to be acce]crat(‘(l hy drojyin,! 
ether u])on it — the fluid enters and spreads in it. Do not intruducc mori, 
than 5 — 7 grm. 

y. Heat tlie contents of the ves.sel to from 40 to of)-, nnd inniKr.,. 
tlie globe by' means of the apparatus 4, and also a tliermoiiietcT, in tlie 
bath, as shown in Hg. 148. 

Kaise the tomperatnro of tlie liatli 

t A to between 80 and 40’ above die 

n 1 ‘ boiling ])oint of the sill )staiit'o.* ;\,s 

soon as the tem])eratur(‘ in tlie yldbc 
I somewhat higher than the boiling' 

11 . I point ol“ the substance, the vapor (1 

i / the latter rushes out throiiL'h liie 

orifice of the neck ; the fnn'c (ftliu 
' current increase's at first with lliii 

' i temperature of the bath, hiit diiiii- 

f . nishes aftiTwards by degrees, and 
Tf (afbu- abont^ la iiiiiiiites)^ 

^ of the neck projecting 

out of the hath, tliese may he :it 
once reconverted into vajior, hy 
moving a piece of red-hot charcoal to and fro under it. The niomeiit tlnit 
a perfiict e((uilibrimn is fully establi.slied at the desired teiiipin-atiirc, seiil 
the point of the filobo, by means of a s])irit-lamp and blowpipe, 
note immediately afler the Indglit of the thermometer. To ascertain 
whether or not the jioint is hermetically .s('aled, you nei'd simialy direct a 
current of air througli the blowpijie upon tlu; projecting [loiiit of the neck: 
if the tulie is clo.sed hoianetically, a small portion of the vapor eoiulciiscs. 
forming a column of fluid, which is retained in tlie (,*nd of tlio udie hv 
Cwipillary attraction ; this is not oh.scrvcd if the tube is not licruieticallv 
sealed. The heiglit of the barometer also is noted again, if it has changed 
since the fir.st observation. 

c. Kemove the sealed globe from the bath, allow to cool, wash nio^t 
wtrefully, Avipe })erfectly dry, and weigh again in the same manner as))eloi'C' 
£. Immerse the pointed end of the globe in its eiitinf length in merciir}, 
.scratch a. mark with a file near the end, and lireak off the point; when" 
upon the mercury will immediately rn.sh into the glohe, a vacniini haMiig 
been created in it by the condeusiitioii of tluj vapor. (In this operatieii, 
jilace the ghiss glohe in the hollow of your hand, and rest the latmr ni>f|’' 
the edge of the Jnereurial trough.) If the glohe, at the moment of sea ng. 
was perfectly free from air, it will fill completely with mercury ; otheiwee 
an air-bubble will remain in it. In either case transfer the inerenry tie ^ 
the globe to the graduated tulie (G), and measuni accurately ; h j 

air in the globe at the moment of sealing it, fill it now Avitli 
measure also the volume of the latter liquid : the difference between 
volume of the mercury and that of the water shows the volume el ‘ 
which had remained in the globe. 

* If a chloride of calcium or oil-bath is used, you must endeavor to [,y 

uniforin temperature towards the end of the process, which may be easily t 
properly regulating the heat. 
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This method, if properly oxeciited, gives nearly accurate results 
the manner of calculating tlie latter, T refer to § 2()i. 

Ji. Process or Cay-Lussac. 

Whilst by the method of I:)itmas the Aveight of tlie amount of suhstance 
is determined, wliich yields under dellnitc circumstances a knoAvn volume 
of vapor, hy Gay-Lussac’s method is determined the volnrne of va[)or 
yielded under definite circumstaiH'cs liy a previously weighed amount of • 
Buhstaiioe. The original proc(‘ss has been judiciously modified by H. 
SciiiFi'' * The ap])aratus is excessively simjde, but can only be employed 
f(ir temperatures under 200°,— it is esjiecially suited for temperatures 
under lOO'^. 

ilic cylinder a (fig. 14!)), whieh is destined to measure the volume of 
the vapor, is dO— 35 em. higli and 
about 2 cm. wide ; it is jmovided 
with a millimetre scale, extending 
to the open end; a table Avliieh must 
hrevioiisly be drawn nj), shows the 
f. c, corresponding to the marks (p. 
h). llie outer cyllmhir h is about 
h) cm. liigh, and i)roa(l in projior- 
The height of the latter in 
llio inside must i)e accurately known 
i'niim. The handle c, whi('h is tilled 
"I'll lead, embraei's tin; eIo.<(‘d end 
d the nieasiiring tube liy moans of 
'’nr springs. The W(>igl,t of this 
‘■tedle must suflico to depress th.‘ 

'vlicn find witli vapor, .and 
'"W tlicrefoTo be aljoni, l.dO ^rin., 

I le iiliove diiiicnsions are .strictly 
" 'tel '■■"Hlle be;,rK tt 

‘‘‘'■ral hook, o„ whieli tlie tliernio- 

IS 

.payer of Miercmy, about I,', nun. 

fho outer 

. f, rjrjj^ ],ioa.sii ring cylinder 
’ pilivtly filled with merenry, and 
y m a sliallow mercurial 

o i. A weighed (iiiaiility of tlie 
plKirized ill a bulb of 


lit! m in a on in oi 

itii,„ I- 'I'” oPtbo iiiea- 

0 'f'tuidor, and allowed to as- 



Fig. 149, 


the. cylinder a is then transported to />», with the aid of a 
prig- uindled iron sjioon, of the siime form as is in general use 
r A combustions in oxygen. 

f n bursting of tire bulb and tlie formation of vapor are 
ext brought about by filling the outer cylinder b cautionsly 
'?• 150. tlie top witli a hot fluid. According to the boiling 

point of the substance avo use for this purpose eitlicr boiling 

Zeitschrift f. analyt. Chern. 1, 320. 


II. 
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water, or some saline solution, preferably dilute glycerine or a Rolutj,, 
of chloride of calcium in dilute glycerine. The specific gravity ol t!i 
hot fluid is to be determined in a suitjd)le manner (according to 11. SnnFi 
by means of an areomet(^r). The outer cylinder stands on a stnn 
low tripod in a small glass trough; the latter serves to receivo tliollui 
which is ejected by the vapor as it forms; it is, moreover, tilled neiirlvn 
to the level of the mercury in the outer cydinder with the hot lluiil. 1 
order that the mercury may be raised to the stinie tem[)er;iture. Alhr 
few minutes the rate of cooling will have become so much sloAvcr tliati] 
volume of the vapor may bo considered stationary. Finally, tlie j,ro 
sure and temperature are noted, also the lieight of the niercnry in i! 
measuring tube, and in the outer cylinder (the latter being read oil' oiitl 
scale of the measuring tube). 

C. The determination of the vapor densities of bodies of high hoilln 
points is made after the method of Dkvii.lk and d’noosT,* for a doscn[tK 
of which 1 must refer the reader to the original memoir. 


§ 105. 

3. A great many indifferent organic bodies absolutely refuse to comhii 
with bases or acids; or only form with them compounds, iroiii Avliich il 
ecpiivalent of the organic body cannot well be determineil. The (?(|iiiv; 
lent of such substance is determined by [>rodiicijig l)y the action ofadil 
bases, halogens, Ac., upon tlio body under examination, iicav compijuii' 
of knoAVii or ascertainable ecjuivalents. Or, lastly, tlie (‘(piivalciit is ii 
ferrod from the manner in which the eoinpouud in question has ho 
formed. In cases of this dcscri|)tion, tliat (‘(juivalent is assumed to I'ct 
correct one Avhioli permits the most simple ex})]anation of the processes 
formatipn and decomj>osition. 

Th is mode of determining the ecjuivalent of sid)stanc(i.s is iiitiinatf' 
comiccted with tlie liiglier branches of organic cliemistry, and cannot 
considered in detail here, as it is impossible to give universally ai'pheai 
n^etliods. 

• Compt. rend. 49, 239 ; Annal. d. Chein. u. Pliarra. 113, 42. 
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The calculation of the ri^snlts obtained by an analysis presupposes, as an 
indispensable preliminary, a knowledge of the general laws of tlie eom- 
liinin!2; proportions of bodies, on the one hand, and of the more sim])le 
rules of arithmetic on tlio other. It is a great error to suppose that the 
iihility to make chemical calculations involves an extensive ac(]uaintan(’e 
vitli mathematics, a knowledge of decimal fractions and simjile ecjuations 
hoiiig for the most part sullicient. These remarks are not •intended to 
dissiuide giiulents of (hemistiy from pursuing the highly important 
study of mathematics; but imu-ely to encourage those who ]ia\e liad no 
[Opportunity of entering more deeply^ into tliis science, and wlio, as exjieri- 
ftico has shown me, are oftmi afraid to venture upon cliemieal cnlcu- 
htions. For this reason, T liave made tins whole of the calculations given 
in the following paragraphs, in the most intelligible manner jKissible, and 
without logarithms. 

1. Caloildfion of (he Constituent sought from the Compound obtained in 
Anal If tied I Process^ and c.rhibition of the Result in Pcr-cenls. 


§ lOG. 


The bodies the woiglit of which it is intended to determine, are sepnrat4l, 
“'l' we liave seen in Division I., treating of the “Execution of Analysis,” 
‘J icr in the free state, or — and this most frequently — in combinations 
^ viiown composition. Tlie results arc usually calculated upaon 10(1 
examined sul).stanee, since this gives a clearer and more intel- 
View of the composition. In ca.ses where the several constituents 
hutd' in the free skate, tlie calculation may be made at once; 
the constituents have been separated in combination W’itb other siib- 
they must first be calculated from the compounds obtained. 


Calculation of tJm Results info Per-cents hij Weujht^ in Cases where 
Ihe Substance sought has been separated in the Free State. 

0. Solid Bodies^ Liquuky and GaseSy which have been determined 
% Weight. 


§ 197. 

The * 

^^Iculation hero is exceedingly simple. 

you have analysed subchloride of mercury, and separated the 
metidlic skite (§ 118, 1). 2-945 grm. subchloride of 
y have given say 2 '49 9 grm. metallic mercury. 

L L 2 
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2-945 : 2-499:: 100 ; x- 
x- 84-85, 


wliicli means that your analysis sliows 100 pjn-ts of snhcliloridc; of iTK'rnnv 
to contain 84-85 of mercury, ami conserjuently 15-15 of cdiloi ino. 

Now as the subcliloridc of mercury is known to consist of 2 ('(j. mrr- 
cury and 1 cq. chlorine, and as the equivalent numbers of Ijoih if,,, 
elements are also known, the true percentage composition ol' tlio lioily hkiv 
be readily calculated from these data. AMum analysing sul)st;iiu(,s (jf 
known com])osition for practice, the results theoretically e;il(iilat('il anij 
those obtained by the analysis are usually j)Iaced in juxtaposition, as ibs 
enables tlie student at once to ])crceive the degree of accuracy witli uliid 
the analysis has been performed. 


Thus for insUince-- Youna. 

Mercury . . . 84-85 
Chlorine . . . 15-15 


Calculated (compare § 81, h). 

. . . 8M)-t 
. . . 15-OG 


lOO-UO lOO-i^ 


h. Gases which have been determined hj Measure. 

§ 198. 

If a gas has been determined l)y measure, it is, of course, n(?(’cssrir'y fn'-t 
to ascertain the weight correspiondijig to the volume fouiul, liclorc tin 
perccnbigc by weiglit can be calculated. 

But as the exact weights of a definite volume of the various gases liav< 
been severally determined by acemrah^ expm-iinents, this caloiilatioii also r 
a simple rule-of-three qu(‘stion, if the gas may be measured luidrr t '' 
Siinie circumstances to which the known relation ol weight to \ouiii‘ 
t-efers. The circumstances to l)e taken into consideration hero, aio. 

Temperalure and Atmosi>heric PressuM. 

Asides those, the 

Tension of the A fj neons luipor 

may also claim consideration in cases Avhere tvater is used ns llu! ('Oiifiim • 
fluid, or g(!nerally where the gas has bemi measured in the j, 

The res])ective weights assigned in Table V.* to 1 litia; ol I a 
there enumerat<!<l, refer to a teiiqairatuni of 0^, and an atnio p 
pressure of O-JO metre of mercury. We have, thendoro, 
pku*e, to consid(jr the manner in which voluim-s of gas p 

another teni{)erature and another lu'ight of the baronietci, aio 
reduced to O'" and 0-76 of the barometer. 

a. Jieduction of a Vo/nine of Gas of any given Femperatnie to 6 , 
other Teniperature between 0° and lOO'*. 

f cr'iSCfl 

The following propositions regarding the expansion o ■ 
fjrmerly universidly adopted : — ■ 

1. All gases expand alike for an equal increase of tomperatm ■ 

2. The exyiansion of one and the same gas for each degree o 
mometer is independent of its original density. 

* See Tables at the end of the volume. 
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Although the correctness of these propositions Inis not been fully con- 
tiriiid by the minute investigations of Macjn^s and Kkonault, yet they 
iii.iy be safely followed in reductions of the tenn)crature of those gases 
which are most frequently measured in the course of analytical processes, 
the coellicietits of (jxi)ansi()n of these gases scarcely differ from ca(!h 
other, and as there is never tiny very considerable dilference in the atmo- 
spheric pressure under which the gases arc severally measured. 

The investigations just alluded to have given 

0-3GG5 


MS tlic coefficient of the expansion of gases wliich comes nearest to the 
truth; ill other words, as the extent to which gases expand when heated 
lioin the freezing to the boiling point of water. They expand, therefore, 
lur every degree of tlic centigrade thermometer, 


~iiW 


()-003GG5. 


If wo wisl^gto ascertain how much space 1 c. c. of gas at 0® will occupy 
lit 10®, we find 

1 X [1 + (10 X 0-003GG5)] - 1 -03005. 

It we wish to ascerttiin how much space 100 c. c. at 0° wdll occupy at 
hT, we find 

100 X [I 4- (10 X 0-003GG5)] 

100 X 1-03GG5_ 103-GG5. 


If we wish to know how much space 1 c. c. at 10° wdll occupy at 0°, wo 

llnd 

^ =0'9G5. 

1 + (10 X 0-003GG5) 

How much space do 103 -005 c. c. at 10° occupy at 0°? 


103GG5 

1 +^10 X U-UU3GG5) 


= 100. 


10 general rule of these calcuhitions may be expressed as follows : — 
we ]'! Hie volume of a gas from a lower to a higher tem^rature, 

is place to Gnd the expansion for the volume unit, which 

jII ^1^0 by adding to 1 tlie product of the multiplication of the ther- 
Hy 0-0()3GG5 ; and then to multiply this by the 
volume units found in the analytical process. On the other 
'^’0 Hie volume of a gas iVom a liigher to a lower temperature, 

less divide the number of volume units found in the analytical pro- 
l + the product of the multiplication of tlie thermometrical 


iiilk 


^'reiice by 0-0036G5. 


Vfre if Volume of a Gas of a certain (jiveii Density to ’76 

(leometnc Pressure, or any other <jiven Pressure, 

as 

‘w greater ^ ’ — • — — ’ ° x ms 

•reite • fi ^ Hie less the pressure upon it, and the loss space the 

pressure ujjon it. 

) supposing a gas to occupy a space of 10 c. c. at a pressure of 


According 


bei) 1-0 the law of Mauiotte, tlie volume of a gas is inversely 

, ' ^re to which it is nvnnsnrl • ill npi'ordnnce with tliis. amis 0{*<*nn 
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1 atmosphere, it will occii]:)y 1 c. c. at a pressure of 10 atniosplieros 
100 c. c. ut a pressure of yL atmosphere. 

Nothing, tlieretbre, can be more easy than the reduction of a •'•as of a 
cerLain given tension to 7GO mm. bar. pressure, or any other givaai [iressuiv 
e.f/., loot) mm., wliich i.s frequently used in the analj'sis of gases. 

Supposing a gas to occupy 100 c. c. at 7tS0 mm. bar., lunv iiiucli spaci 
will it occupy at 7G0 mm. ? 

7G0 : 780:; 100 : a: 
a’ - 102‘G8. 

How much space will 100 c. c, at 750 mm. bar. occupy at 700 nun. ? 

7G0 ; 750:: 100 : a 
a*=08*G8. 

How much space will 150 c. c. at 7G0 mm. bar. occupy at 1000 mm, ? 

1000 : 7G0:: 150 : a: 

a:- 111. 

y. Jicduction of the Volume of a Gas saturated with A(iucous Vujioi) hi 
its actual Voluiue in the J)rif State, 

It is a well-known fact that water ha.s a tendency, at all tetuperalurc?Ji> 
assume tiie gaseous .state. The degree of this tendency (the tension ot tlic 
aqueous vapor) — wliicli is dependent .solely and exclusively u])on thetem- 
])eratiu’e, and not upon the circumstance of the water being in lutaio or in 
any ga.suous atrno.sphere — is usually exj)res.se(l by the height ol‘ii column ot 
mercury counterbalancing it. Tlie, following table indicates the ainuiint 
of tension for tlic various temperatures at which analyses are likely to In; 
made.* 


TAIiLK. 


Temperature 
(in degrees C.) 

Tension of the 
aijuoous vapor ! 
expressed in ! 
millimetres. j 

Temperature 
(in degrees C.) 

Tension of tho 
aqueous vapor 
exjjre.sHcd in 
millimetres. 

• *0 

4-525 

21 

18-505 

1 

4-8C7 

22 

19-675 

• 2 

5-231 

23 

20-909 

3 

5-619 

24 

22-211 

4 

6-032 

26 

23-582 

5 

6-471 

26 

25-026 

6 

6-939 

27 

26-547 

7 

7-436 

28 

28-148 

8 

7-964 

29 

29-832 

9 

8-525 

30 

81-602 

10 

9-126 

81 

33-464 

11 

9-751 

32 

35-419 

12 

10-421 

33 

87-473 

13 

11-130 

34 

39-630 

14 

11-882 

35 

41-893 

15 

• 12-677 

36 

44-268 

IC 

13-519 

37 

46-758 

17 

14-409 

38 

49-368 

18 

15-351 

39 

52-103 

19 

16-345 

40 

64-969 

20 

17*396 






* Compare Magnus, Pogg. Aunal. Cl, 217* 
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Tlierefore, if a gas is confined over water, its volume is, cceteris parilnis^ 
ahvays greater than if it were confined over mercury ; since a quantity of 
ai|UGOus vapor, proportional to the temperature of the water, mixes with the 
iras and the tension of this partly counterl)alances the column of air that 
jUvsscs upon the gas, and to that extent neutralizes tlie pressure. To 
asrertain tlio actual pressure iqum the gas, we must therefore subtract 
from the a])pareiit pressure so much as is neutralized by the tension of* the 
aqueous vaj)or. 

Suppose we had found a gas to measure 100 c. c. at 750 mm. bar., the 
temperature of the confining water l>eing 15° ; how much space would this 
volume of gas occupy in the dry state and at 700 mm. of the Imrometer ? 

Our table gives the tension of aqueous vap)or at 15°= 12*077 ; t1ie gas is 
consequently not under the apparent pressure of 759 mm., but under the 
actual pressure of 759 — 12*077 ^ 7 1(5*32.9 mm. 

The calculation is now very sinqjlo ; it qorocecds in the manner shown 
ill j ] ; we say, 

700 : 740*323:: 100 : .r 
a* =98*20. 


When the volume of a gas has thus lieen adjusted by the calculations in 
(1 and /3, or y, to the tberniometrieal and barometrical conditions to which 
tlie data of Table V, refer, the percmitage by weight may now be readily 
Ciileiilated by substituting the weiglit for the volume, and proceeding by 
simple rule of three. 

What is the percentage by weight of nitrogen in an analysed substance, 
of Avhicli 0-5 gnu. have yielded 30 c. c. of dry nitrogen gas at 0°, and 700 
mm. har. ? 

^ In Table V. we find that 1 litre (100() c. c.) of nitrogen gas at 0'^, and 
miTi. bar., weighs 1*25450 gnu. 

Wc Siiy accordingly : 


And then : 


1000 : 1*25456*.: 30 : .r 
a.* = 0*0370. 


0*5 : 0*0370 :: 100 : ,v 
.t-7*52. 


of substance contains coiisc(jueiitly 7*52 per cent, by weight 


’ CalcuJatwn of the Residts into Per-cents h// Wei(/hf, in Cases ichevc 
judy sought has been separated in Cotnhinationy or where a Compound 
to be determined from one of its Constituents. 


§ 199. 

If the body to bo determined has not been wcigdied or measured in its 
siil'q some other form, e.g.^ carbonic acid as carbonate of lime, 

piur as sulphate of baryta, ammonia a.s nitrogen, chlorine by a standar(i 
ution of iodine, its quantity must first bo reckoned from that of the 
l*^uud before the calculation described in 1 can bo made. 

'^K'thod accomplished cither by rule of three or by some abridged 

foifT?^'^^ 've have weiglicd hydrogen in the form of water, and have 
^ ^m. of water j how much hydrogen does this contain ? 
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An equivalent of water consists of : 

1 lof hydrogen 
8 of oxygen 
U water. 

We siiy accordingly : 

9 : 1:;1 : a; 
oj-Olllll. 

From the above proportion results the following equation : 


r O-lllll X l-a*. 

Or, expressed in general terms : 

Water xO' 11111^ Jh/drogen. 


Example. — 


517 of water; how much hydrogen? 
5 17 xU l I 111 =57- 444. 


The following equation results also from the above proportion : 


Or, cjlpresscd in general terms, 

Water divided by - Hydrogen. 


Ex AMPLE. - 


517 of water, how much hydrogen i 


In this manner we may find for every compound constant nniii 
which to multiply or divide the weight of the compound, in ordei to 
the weight of tlie constituent sought (comp. Table 111.*). elouM*' 

Thu.s, for in.stance, the nitrogen may be obtained from ^ 
bichloride of platinum atul chloride of ammonium, by dividing tie 
of the latter by 15-9G, or multiplying it by 0-O(;2Gp ; thus the uu 
be calculated from tlie carbonic acid by multiplying the wcig i 
latter by 0’2727, or dividing it by 3‘(>G6. . to 

These numbers are by no means so simple, convenient, an< 
remember as in tlie case of liydrogeii. It is therelbre 
case of carbonic acid, for instance, to fix upon another gencivi 
sion, vk., 

Carbonic acid x 3 ,, , 

' ^ Carbon ; 


See Tables at the end of the volume. 



CALCULATION OF ANALYSES. 


521 


uhicli is derived from the proportion 

22 : 6 : : tlie carbonic acid found : x. 

The object in view may also bo attaiiu'd in a very simple manner, by 
reforence to Table IV.,* which gives the amount of the constituent sought 
lor every n umber of the compound found, from I to 1) ; the oj)crator need, 
tlierolbre, simply add the several values together. 

As regards hydrogen, for instance, we find : — 


TABLE. 


I round. 

Sought. 

1 

2 

3 

I 4 1 

5 

1 ° 

1 ^ 

1 ^ 

1 “ 1 

1 wilier 

liydronen 

0-11111 

0- 22222 

o-m‘« 

oaun 

O-.Vi.'i.VS 

0*06667 

1 

07777S 1 

0*83380 

rwioho j 


From this table it is seen that 1 part of water contains OTllll of 
livdrogen, that 5 parts of water contain O-oohor) of hydrogen; ‘J parts, 
fnoooo, &c. 

Xow ii we wish to know, for instiinco, how much hydrogen is contained 
111517 parts oi‘ water, wc find this by adding the values for 5 parts, I’or 
part, and lor j parts, thus : — 

0-5557)5 

O-Olllll 

0-0077778 

0-5744888 

^^Hiy the numbers are to bo placed in this manner, and not as follows : — 

0-55555 

Oil 111 

0- 77778 

1- 41444 

self-evident, since arranging them in the latter way would be adding 
value for 5, for 1, and Jbr 7 (5 + 1 + 7 - 18) and not for 5'17. This 
shows also tliat, to lind the amount of hydrogen coiftained in 
^ parts of water, the points must be transposed as follows : — 

55-555 

1-1111 

0-77778 

57-44388 

^((Iculation of the Results of Indirect Anahjse s Into Per-cents 
bij \Veiijht. 

§ 200 . 

of the term “ indirect analt/slsf as defined in § 151, p. 854, 
C'll no universidly a])[)licable rules can be laid down for 

tioii o/o bo made in indirect analyses. The selec- 

the ai ^1^ nuist be left in every special case to the intelligence 

yst. I vvill hero give the mode of calculating the results in the 

* See Tables at the end of the volume. 
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more important indirect separations described in Section V. They nuv 
serve as examples for other similar calculations. ^ 

a. Indirect Determination of Soda and Pofasm. 

This is effected by determining cither the sum total of the alkiillne sul- 
phates, and the sul])]iuric acid contained in them, or the sum total ul ilic 
chlorides, and the chlorine contained in tliem. 

The calculation may be made in several diifercnt ways, of wlhdi 1 vili 
give two : — 

a. Suppose WG have found 1*0761 grin, of sulphate of soda + siilpliato df 
})Otassa, and in this amount 1 gnu. of sulphuric acid : how much puiaisi 
is present, and how much soda ? 

First Method. 

If the sulphuric acid - 1 grin, were combined with potassa alone, llie 
quantity of sulphate woidd amount to 2*17775, according to the jaepor- 
tion .* — 

40 : 87*11 : : 1 : x; .x*- 2*17775. 

The difhTence between this number and the weight of mixed sul[iliat('s 
found, f.c., 2*17775 -1*07()1 - 0*20165, is owing to i»ai*t oftlie siilphairot 
pottis.sii Indiig rejdaced in the mixture by suljdiate of soda. Tliis ]>ai'L 
pro})ortional to the diflerenco l()und; it is calculated as folloAVs:— ^ 

Tlie diilbrence bctweiai the e(piivalent of K (), S O.^, and that oi Na 0, 
S (16*1 1), is to the e<piivalent of sul[>hate of soda (71), astliediileuiiu' 
found to the Na 0, 8 (\ contained in the mixture — 

16*11 ; 71:: 0*20165 : .r 

X 0*8.SK7 - Na O, S 0^ 
and • 1,*0701-0*8887 - 1 *0874 = K 0, 8 0, 

From this the following short rule is derived : — 

Multiply the suljdmric acid found by 2*17775, deduct from 
duct the sum of the sulphates, and multiply the remainder by I'lOdi, 1“^ 
product expreH.ses the <piantity of the sulphate of soda. 

Second Method. 

Let k = the sulphate of potassa 
n ■= „ „ soda 

then /; + 1*0761 

.*, k =1*0701-/4 

1 part of suljihate of soda contains 0*56338 ; 1 part of sulphate of pot 
0*45010 of sulphuric acid. . 

Tlie amount of sulpli uric acid present in the mixture x tin 

and sulphate of potassa, viz., 1 gnu., must consecpiontly = 1 p,( 

number of units present of sulphate of soda ( 4 .e. x the j 

sulphate of soda present) + 0*45010 x the number of units 
phate of potassa {i.e. x the ipiantity of the sulphate ol potassa p^c. c 

Hence — 

{k X 0*45910) + ill X 0*56338) = 1 

x 0*563^). 

0*45010“ 
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Substituting for k the value previously found, we luive 


1‘97G1 — n 


l-.(n X o-5r,3:i8) 
0-45910 


1-07G1 X 0-45919— (/i x 0-45919) - 1— (// x 0-5(;3d8). 
0-90741 — (n X 0-45919) = 1 — {a x 0-5Goo8). 

Placing now the ?i’s on one side, we have 

(n X 0-56338)— (/i x 0-45919) ^ 1—0-90741, 

or, 

1_0*90741 0-09-259 

” "" ()-5G;i;w— o-iosuT) ~ ' ■ 

Tlifi analysed mixture therefore contains 0-8887 oF sulphate of soda, and 

consequently 

1-97G1— 0-8887- 1-0874 

of sulphate of potassa. 

The following general formula may be dculuced from the alaovc : — Lcit 
(/ 1)0 the mixture, the Na O, S O^j, k the K O, S O^, and 6- the S eon- 
taiiKid iti it : — then 

^ X 0-45919) 

0-10419 
and k ~ a — m 

Sup[ioso wo have found 20 grin, of suljdiate of potassa + sid])hato of soda, 
in these 20 grm. 10-5 grin, sulphuric acid, liow much sulphate of 
potassa docs the mixture contain, and liow niucli sulphate of soda I 

Iiere a = 20 ; and a- = 10 5 
n = ^ 0-45919) 

0-i0419 

^ 10-5_9-1833 _ 1-31G2 
0-10419 “0-10119 

and k = 20 — 12-G3 - 7-37. 

, t5e mixture consist accordingly of 12-G3 Na 0, S Og, 

find r37 K O, S O3. 

^'Wose wo liave found 3 grm. of chloride of sodium and chloride of 
^ and in these 3 grm. 1-G888 of chlorine. 

Eq. Chlorine. Eq. K Cl. Chlorino found. 

35-4G : 74-57 :: 1 G888 : a- 

o; = 3-5514. 

thlK^i ^^iforine present were combined with potassium, the weight of 
would amount to 3-5514. As the chloride weighs less, 
sodium is present, tind this in a ipiantity pro|)ortional to the 
cieiiee 3-5514 — 3 = 0-5514), which is calculated as follows: — 
f ^^d^^fo-renco between the equivalent of K Cl and that ol Na Cl (1G*11) 
di 1 ^d^iivalent of Nti Cl (58-4G), as the dillerence found is to the 
G of sodium present : — 

lG-11 : 58-4G:: 0-5514 : a; 
ar 2 Na Cl 
and 3-2-1 K Cl, 
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[5 2 ^ 0 . 

From this the following short rule is derived : — 

Multiply the ‘quiintity of ehlorinc in the iiiixturo by 2’1029, dedim 
from the product the sum of the chlorides, und multiply the roDiuiiider b 
d-C288 ; the product expresses the (jiuiutity of eldoridc ol’ sodium ((in*, 
tained in the mixed chloride. 

The following formula) will serve to find the sodium and potassium I v 
direct calculation* : — 

Let X stand tor the potassium, ij for the sodium, S for the mixed elilo- 
rides, A for the chlorine found. 

[(S-A). l-r,l]-A 

(Hid 

A-[(S-A). 0-91] 

oca 

Cl 
Na 
Cl^ 
k 

a (d 

Na — k 

b. Indirect Determination of Strontia and Lane. 

This may be enected by determining the sum total of the carbonate^ 
and the carl)onic acid contained in them (§ 151, tS). Su[)pose we liavelduml 
2 grin, of mixed carl)onatc, and in these 2 grm. 0’7d8d ol carbonic acid. ^ 

Kq. C 0, Eq. Sr 0. C 0, C 0^ found. 

22 *: 7d-75 :: 0-7d«d : a; 

a; - 2’-17498. 

If, therefore, the whole of the carbonic acid were combined witb stroiili'n 
thq, weight of the carbonate would amount to 2‘-17198 grm. 
cicncy, = 0* 17198 is proportional to tlie carbonate of lime present, v 
is calculated as follows : — 

Tlic difference between the equivalent of Sr 0, C 0,^, and 
lent of (’a O, (1 (28-75,) is to the equivalent of ('a 0, C 

ditlbrence found is to the carl)onate of lime contained in the mixed s:i t. 

2;3-75 : 50:: 0-47498 : ^ 

X 1 . 

The mixture, therefore, consists of 1 grm. carbonate of lime and 1 t 
carbonate of strontia. 

From this the following .short rule is derived : — 

Multiply the carbonic acid found by 8-8523, dcdUct from 
sum of the carbonates, and multiply the difference by 2-105 
expresses the quantity of tlie carbonate of lime. 

C. Indirect Determination of Chlorine and Bromine (§ 1^^) ) 

Let us suppose the mixture of chloride and bromide ot ^ 
weighed 2 grm., and the diminution of weight consequent upon j 

mission of chlorine to have amounted to 0-1 grm. How inuo i c 
there in the mixed salt, and how much bromine ? 

• Lusse, see Otto’s Lehrbucli, 8 Aufl. ii. 2, 928. 



1-54- 
0-91 - 
0-08- 
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rpiie (locrease of weight here is simply tlie difference between the weight 
of tlie bromide of silver originally present, and that of the eldoride of 
silver which has replaced it ; if this is borne in mind, it is easy to under- 
BUiul the calculation which follows : — 

The difference between the equivalents of bromide of silver and chlo- 
riilcof silver is to the equivalent of bromide of silver as the ascertained 
(kiTCUsc of weight is to a’, f.c., to the bromide of silver originally present 
ill the mixture ; — 

44-54 : 187-07 : : 0 1 : .r 
a 0-422025. 

The 2 grm. of the mixture therefore contained 0-422025 grm. bromide 
(if silver, and consequently 2 — 0-422025= 1-577075 grm. chloride of 

hlvcir. 

It results from the above, that we need simply midtiply the ascertained 
decrease of weight by 

^^44-54 4-22025 

to find the amount of bromide of silver originally |)rcseiit in the analyscnl 
iiiixtim). And if we know this, we also know of course tlie amount of 
tlio chloride of silver ; and from these data we deduce the (juaiitities of 
chlorine and bromine, as directed in § 100, and the percentages as directed 
ill § 11)0. 


SurPLF..Mi:NT TO 1 


lltMAIlKS ON LOSS ANT) EXCESS IN ANALYSES, AND ON TAKINO THE AVERAOE. 

§ ‘^01. 

h, ill the analysis of a siihstaiice, one of tlie constitmmts is estimated 
^’iitlie loss, or, in other words, by sul>t.racting I’roin the original weight 
tli(‘ ainilysed substance tlie ascertained united weight of the other eon- 
'I'^ituents, it is evident that in the suhsinpumt^iercentage calculation the 
total must invariably be 100. Kvery loss^^ffercd or excess olitained 
”1 ^ determination of the several constituents will, of course, fall cx- 
^yisuoly upon the one constituent which is estimated from the loss. 

estimations of this kind cannot bo considered actmrate, unless the 
^ ‘^'^frstituents have lieen determined by good methods, and with tlie 
greatest care. The accuracy of the results Avill, of cour.se, bo the greater, 
•e^esstho number of coiistitueiits determined in the direct way. 

other hand, every constituent of the analysed compound lias 
separately, it is obvious that, were the results absolul.ely 
united weight of the several constituents must be exactly 
oidginal weight of the analysed substance. Since, howeveis 
with certain inaccuracies atUich to every analysis, 

boil the sum total of the results in the iiercentago caleula- 

exceed, and sometimes fall short of, 100. 
actuah'^'f ^ o^this description, the only proper way is to give tlie results 

for instance, Pelouze found, in his analysis of cliroiiiate of chlo- 


ride of 


potassium, 
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Potassiuin 21 '88 

Chlorine ID •41 

Chromic acid 


Berzelius, in his analysis of scsqnioxido or uranium and potassa, 

Potassa 12*8 

Scs<iiiioxidc of uranium 8(v8 


Plattner, in his analysis of pyrrhotinc, 

Of Fahhin. Of Brasil. 

Iron 50‘72 .OO’Hl 

Sulphur 40-22 40-18 


It is altogether inndinissilde to distribute any chance dcriciencvoroxi’f?^ 
])roportionateIy among the several constituents of tlie analysed ooinpouiiil, 
as such deficiency or exc(;ss of course never arises from the several esri- 
mations in the same measure; moreov(‘r, such “ doctoring’’ of the analysis 
deprives other chemists of the pONV(;r of judging of its accuracy. No one 
need lae ashamed to confess having obtained somewhat too little or some- 
what too much in an analysis, })rovided, of course, tlie delicicncy or exees? 
be confined within certain limits, which ditfer in different analyses, and 
which tlic experienced ehemi.st always knows how to lix ])ro))orly. 

In cases where an analysis has been made twice, or several times, it is 
usual to* Lake the moan as the most correct result. It is (jlndous tliat an 
average of the kind de.serves the greater confidence the less the results ot 
the several analyses difier. The results of the several analyses mmt! 
however, also be given, or, at all events, the maximum and miniinum. 

Since the accuracy of an analysis is not dc|)endcnt upon the qunntit) oi 
substance employed (])ro^ed always tlii.s (piantity be not altogether too 
small), tlie average of tlnSIcsults of several analvses is to be taken (jnito 


small), tlie average of tlnSIcsults of several analyses is to be taken (jnijo 
independently of the a||antitios used; in other words, you must not in' 
together the (piantitie*ised, on the one hand, and the weights 
in the several analyses on the other, and deduce from these (kitn t|C 
jiercentage amount; but you rnu.st calculate tlie latter from the 
of each analysis sepanitely, and then bike the mean of the iiunmcrs * 
obtained. 

Suppose a substance, which we will call AB, contains fifty 
A ; and suppose two analyses of this substance liave given the felj^l 
results : — 

. (1) 2 grm. AB gave 0’99 gmi. of A. 

(2) 50 „ „ 24-00 „ 

From 1, it results that AB contains 49-50 per cent, of A. 


Total 

Mean 


. 97-50 
. 48-75 
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It would be quite erroneous to say 

2 + 50 = 52 of AB gave 0*99 4- 24*00 = 24*99 of A, 

therefore 100 of AB contain 48*0G of A ; 
for it will be readily seen that this way of (;alciilating destroys nearly alto- 
iTotlicr the iiitluence of the more accurate analysis (1) upon tlie average, 
oil account of the proportionally small amount of substance used. 

II. Deduction of Empirical Formula. 

§ 202 . 

If the percentage composition of a substance is known, a so-called em- 
pirical formula maybe deduced from this ; in other words, the relative 
proportion of the several constituents may be expressed in equivalents — 
ill a foriiuila which, upon rcc:ilculation in per-cents will give numbers cor- 
responding pierfectly, or nearly, with those obtained by the analysis. Wo 
arc compelled to confine ourselves to the expression of empirical formuhe, 
ill the case of all substances of which we cannot determine the equivalent, 
woody libre, mixed substances, A-ic. 

The method of deducing empirical formula' is very simple, and will be 
readily understood from the I’ollowing reHeclions : — 

How should we proceed to find the relative number of equivalents in 
carbonic acid ? 

Wo should say : — 

The equivalent of the oxygen, is to the amount of oxygen in the eipii- 
valent of carbonic acid, as 1 is to .r, /.c., to the number ol’ equivalents of 
oxygen contained in carbonic acid ; 

H : : X 

Ill the same manner we should find the numlicr of equivalents of car]^on 
hy the following proportion : — 

6 : G : : 1 : ic 

(iquivulent of carbon) (carbon in one cquivaloi^t 
ol’ carbonic ackl)i 
x^l. 

Now let us suppose we did not know the equivalent of carbonic acid, 
simply its percentage composition, viz., 

27*278 carbon 
72*727 oxygen 

• 100 *000 carbonic acid; 

Proportion of the equivalents might still be ascertained, even 
I any other given number, say 100, be selected for the equivalent of 
^ suppose wo adopt 100 as the equivalent of carbonic 

® : 72-727 :: 1 : a: 

(Eq. 0) (Amount of oxygen in tlio 

assumed eip 100) 
a; = 9*0910 
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and 

r> : 27-273 

(Eq. C) (Amount of carbon in tlie 

assumed eq. lOD) 
a;- 4-5435. 




I 


X 


We see here that nltlioiigli tbe nmnhers 'wliieli express the relative ]r, 
portion of the ecjuivalents of oxypreii and earl)on, iiave clianged^ y,.f ii^,, 
relative proportion itself remains tlie same; since 

4-5455 : 0-01)10:: 1 : 2. 

Tlie process may accordingly be expressed in general terms as follous; 

Assume any number, say 100 (because this is the most (■niivwiiL'Dt). 
tlie equivalent of the compound, and ascertain how olbm tlie ef|iiiva!(Mi nf 
each constituent sev-erally is contain(*d in the amount of (ho .saui(.M(iii- 
stituent present in 100 parts. When you have thus tomid (ho iiuiiiliic 
expressing the relative jmoportion of the equivalents, you have aitainol 
your purpose — viz,, the deduction of an enijtirieal formula. Still, It i> 
usual to reduce the nund)ers found to (he simplest expression. 

Mow let us take a somewhat complicated ease, c.^., the deduction ul' tin' 
empirical formula for mannite. 

The perdenbigc composition of mannite is 

30-50 of carbon 
7*00 of hydrogen 
52 '75 of oxygen 


100-00 

This gives the following proportions : 

0 : 30-5() : : 1 
1: 7-00:; I 
8 : 52-75::! 


X - ti-oDo 
;r-7'000 
X - (>-503 


a-r>B8 

A glance shows that f 
equal to that of the e(|||,i 


We have now tlie empirical formula for mannite, viz., 

e.- iv,,„ o,.„„ 

-^Pnumber of (Ik* etpiivahmts of the cai'hen 
fd to that of the e(|||,ivalents ol’ the oxygen; and the qiavstioii 
whether d*e relative jiroportion Ibund may not be expressed by sai.i i- 
nunibers. 

A simple calculation sulTices to answer this que.stion, viz., 

C-593 ; 7-090 :: OO : x 

(Any other number might be substituted hm (10, as the third 
proportion, but (10 is very suiUiblc, since it is divisible without reia 
by most of tlie numbers.) 

at- 70 

We have accordingly now the simple formula, 

a, «.• , . 

The percentage composition of mannite given above 
cuhited from the formula, of course tlie latter is evolved again ^vi 
ambiguity. Now let us take the results of an actual analysis. 

OppJiiiMANN obtained, upon the combustion of T593 gnu. nianiu 
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)xi(le of copper, 2-200 carbonic acid and MOO water. This gives in per- 


cents, 


39-31 carbon 
7-71 liydrogcn 
52-98 oxygen 


100-00 

calculated as above, gives 

^ 0-562 ^^7-710 ^^C’r.22 

astliclir^ expression of tFie empirical formula; and by tbe proportion : 

0'552 : 7*710 ; : 0 ; . 7 - 

7*0f) 

A glance at tlieso nnml)ers shows that 7*00 may bo prop('rlv exclianoed 
br 7, and also that the diflhrcnce between 0-552 and 0*022 is so triflinir 
that 1)otli may be ox])ressed by the same nuiubcn-. The.se considerations 
bail llicrolore likewise to the formula 

11. f) 

C 7 (1 

llio proof wheth(U’ the fornnda is correct or not is obtained bv its re- 
C'llculation in per-cents, d’hc less the. caleulaled ])ereentage diliers Jrom 
tliat loiiml, the more reason there is to believi' in tin* eorrecliiess of the 
tiriiHila. 11 the dilhu'CMK-o is nioi-(* ciansidei-.alde than can In' aeeonnied f n- 
b tlio defects inherc'ut in the nnuhods, tlier^* is ever\ j-<'ason to lieiievi' the 
biiiiula lallacious, in which ease it is necessary to establish a more cornet 
; far it will be readily smm that, in the ease oJ‘ snbstanei's of' which tlie 
ai'iiudeiit is not known, diffenMit forniulie niav Ik' dedue('d from one and 
f same analysis, or from several vm-v nearly «‘orres])oiiding aiialyses ; since 
iiumhers found are nevc'r absolut<d\' eorroet, Init only aj)proxin>ate. 

ibis, l()r instance, in tJie ease ol'mannlle : 



Calculated 



Found 

for 


f^r 




39-5(; 

F, 

39-07 

39-31 

”, 

7-(;9 

11 

7-11 

^ 7-71 


52-75 


52-89 

^ 52-98 


10000 


loo-oo 

^loo-oo 


III. Dkuuction ok Katioxai. Foi;mi-i..i;. 

§ 203. • 

pcrcentagi} composition and the ecpiivalent of a substance 
pressinT'^’ deduce its nitinnol formula — that is, a formula ex- 

afi-ri relative proiiortion ol the equivalents, but also their 

“^'^butenuinbor. ^ ‘ 

Allowing examples may serve for illustration : — 

of the Jiationa! Formula of Jfjfposufphuric Acitf. 

'fVposuM ^ given, in the first ])lace, the percentage com] ositioii of 
d’hvtin i*^\*^*^ i‘i second ])lace, the i)crcentago composition 

pirate of potassu, viz., 
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Snlpliur 4-l'44 Potassn, 

Oxygen 5r)-r)0 Ilyposulpluiric acid . . 


Ilyposiilplniric acid lOO-OO ]{j])osu]])liatCM)f potassa lOO-OiiO 
(Ecpii valent of ]>ot;issa — 47 ' 11 ) 


Now : 


39*551 : CO-449;: 47*11 : .r .t=72 


lienee 72 is the sum of the ecpiivalents of the constituents contaiiipfl 
liy{)osulp]iuric acid — in other terms, the tHpiivalent of hy [xjsuljilntric nci 
Havinu' tlms ase('rtainc<l the correct ecpiivalent of liyposul[)]iiiri(’ aiiil, 
is unnecessary to assume a hypothetical one, as we are obliged to doiiu 
case of mannite. 

Tims wc may sUite at once : 

100 : 4114:; 72 : .r rr -^32; 
i.e. = tlie sum of the equivalents of the sulphur ; and again : 

100 : 55*50 : : 72 : a; x- 40 ; 

i.e. - tlic sum of the Ofpiivaleuts of the oxygon. 

Now the equivalent of sulphur, i.e. 10, is contained twice in ; iinilt 
equivalent of oxygen, i.e. <S, is contaiiUHl live times in 40; the ratiumlli 
inula lor hy])osulpluiric acid is accordingly, 

►S. <>s- 


2 . Deduction, of the, li((tiun<d FuruiuUi of Benzoic Aeul, 

Stiinhol’se obtained from 0-;).S()7 hydrated Ixnizole acid, dricil at 1"' 
0-9575 carbonic acid and ()*1C9<S water. 

0'42kS7 benzoate of silver, dried at lO(f’, gave 0*292 silver. In 
tliese numbers result the Ibllowing percetitage compositions:- — 


Carbon C8-C7 Oxide of silver . . 

Hydrogen .... 4 '95 lienzoic acid . 

Oxygen 2C*3H 

^ Benzoate of silver . 

Hydrated benzoic .'Wl HM)*()() 

(Bejuiyarent of the oxide of silver - 115*97) 

50*07 : 19*33 :: 1 15*97 : a: a* - 1 12*904 

i.e. tlie equivalent of aidiy<lrous benzoic acid ; that of the 
accordingly - 1 1 2*904 + 9- 121 *904 ; we say therefore now : 

:/r = 83*711 
x — 0*035 
a: -32*153 

0 is contained in 83*711 13*95 times 

1 „ 0*035 0*()3 „ 

8 „ 32*158 4*02 „ 


50‘(17 

pj-.'h) 

100*00 


100 : 08*07 *.: 121*904 
100: 4*95:: 121*901 
100 : 20*38:: 121*904 


;hari? 


A glance at these quotients HulIIces to show that 13*95 may be < ■ 
for 14, 0*03 for 0, and 4*02 for 4. Tlie rational formula lor tlie ; 
of benzoic acid is accordingly, 

C., IP 0,. 
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This gives, by calculation, 
C C8-85 
II 4-92 
0 2G-23 


100-00 


The numbers found were, 
08*07 
4*95 
20-38 


100-00 


3. Deduction of the Rational Formula of Theine. 

Sti:xiiouse’s analysis of theiue, free from water of crystallization, gave 
thu following results : — 

1. 0-285 grm. substance gave 0*5125 carbonic acid and 0-132 water. 

■>. Combustion with oxide of cop})er gave a mixture of CO^ and N, 
ill the proportion of 4 of the former to 1 of the latter. 

0-5828 grm. of the double salt of liydrochlorate of theine and bi- 
chloride of jilatinum, gave 0*143 platinum. 

From these numbers results the following percentage comjiosition : — 

Carbon . . 49*05 

Hydrogen . 5*14 

Nitrogen . . 28-()l 

! O.xygeii . . 17*20 


10000 

and lOG-Ol as the equivailent of theine. For there is every reason to 
■^npjtose that the composition of the double .salt of liydrochlorate of theine 
and lihdiioride of platinum is 

Theine + II Cl + rt Cl, 

Hie erpiivalent of this doulde salt is found by tlie following proportion : 
0-M3 : 0*5828 :: 98*94 (eep platinum) : x a; = 403*23; 
f^nd eouscrpicntly the eipiivahMit of theim*, bv .subtracting from 403*23 the 
^M* bichloride of platinum (l()9*8()) and 1 eq. hydrochloric acid 

403-23-(ir)9*8(> + 3(>-4G)- 
This supplies the following jiroportiona : — 

100 : 49*05 190*91 : .r 

100 : 5-14 ;*. 190*9 1 : a* 

100 : 28-01 :: 190-91 : 

100 : 17*20:: 190-91 : m 

G is contained in 90*584, 

1 „ 10*121, 

11 „ 50*330, 

fnnvhieh " .” 

^verrot ft ^uay be .sub.stitutcd, 10, 10, 4, and 4, respectively, and 

k-t the iollowiijg formula : 

(-•.o N. (). 

Found. 

49*05 
5*14 
28*01 
17-20 


:19G*91. 
r= 90*584 

a:- 10*121 
a* =^*50*330 
.T- 33*808 
10*09 times 
10*12 „ 

4*02 „ 

4*23 „ 


This 


gives by calculation, 
C 49*47 
H 5*15 
N 28*89 
0 10*49 


100*00 


100*00 

M H 2 
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The double hydrocliloratc of theine and bichloride of platinum iv, 
platinum in 100 parts, 


Calculated. Found. 

21-70 24'5a 


4. Special Method of Deducing Rational Forniuhe for O.niqrii Suits 
a. In the case of Com pomu Is containing no Jsomo/phoiis Cdustitiifuis. 
The rational foniiuhe for oxygen .salts may be deduced also l)va im t],, 
different from the foregoing, viz., by a.scertaining the ratio wliidi ti, 
res[)e{‘tive (pinniitie.s ol‘ oxygen bear to each other. Tins iiietliin] 
exceedingly .simple. 

In an analy.sis of crystallized sulphate of soda and ammonia, 1 Jouiid, 


Soda . . . . 17 '93 

Oxide of ammonium . ir)-2d 

Sulphuric acid . . lO-OC 

Water . . . 2084 


lOOOO 

<31 of Na 0 contain 8 of O, conscrjuently 17*03 of Na 0 contain fdti afU. 
‘2t). ..NH^O ... 8...(), ... 1.3*23 N H, 0 ... l-dS.n, 

4e,..S()3 ... 24...(), ... 4<;-00 ... S (), ... 

0...IIO ... 8...0, ... 20*84 ... IK.) ... 18 m 2 .,. 0 , 

Now 

4*(;;{ : 4*08: 27*00 : 18*.'i2--l : 1*01 ; 5*97 : 4*00 1 : 1 : d : 1. 
and (his leads to the formula 


Na O, N II^ 0, 2 S + I II O 

or, Na (), SO^ t N 11^ (>, S + 4 aq. 

h. In the case (f Com ponmls containing Isnmorphous (^oiistdtenl!^- 
It is a well-known fact (hat isomorjdious constituents may i'':! 

other in all proj)ortions ; therefore, in establishing a formula lei* i'” 
j>ound.s containing isomorjdious con.stituents, tlie latter arc taken o.'//i 
ticehf; that is, tliev are exj)re.s.se<l in the formula as one mnl lln’ >'"• 
bofly. This very frequently occurs in the c.'ilcidation ol fonmiki’ I 
minerals. 


A. JtiKDMANN found ill monradite 


Amount of Oxjy 


Silicic acid 

50-17 


29*'Jm 

Magnesia 

31*03 

12*052 ) 

i4*(;oi 

Protoxide of iron 

8-50 

1*949 / 


Water 

4-04 


3*500 


100*40 

Now 

: H-r, 01 : 29 0.'.7 = 1 : roV : 8 3 ^ 1:1:8. 

DoHignating 1 eq. mctJil by R, we obbiiii from those miioh' 
formula : — 


4 (K 0, Si 0,) + 110 or | 0, Si 0,) + aq. 

Not only isomor])hou.s substances, but generally all bodies 
composition possess the faculty of replacing each other m 


of anabd; 
ct)inp«^^“' 
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thus wc find C), &c., replace each other. These 

giibstaiices likewise must be expressed collectively in the formula. 

AniCH found in andesine. 



59-00 


Amount of Oxygen. 

Silicic acid 

. 

31-79 

Ahuniiia 

24*28 

. 11-22 1 

11-70 

Sesquioxide of iron 

1-58 

. 0-18 j - 

Lime 

5-77 . 

. i-on 


Magnesia 

1-08 

. 0*43 ( 

3-90 

Soda 

0-53 . 

1-08 (• 

I'utassi 

1-08 . 

. 0*18 ; 



99-92 




3-90 : 11-70 : 31-79- 1 : 3 : 8-15 = 1 ; 3 : 8. 

Designating 1 eq. metal by R, we obLiin from these numbers the 
Ibriiiula : — 

R O + R„ + 4 Si O, 

= R O, Si 0;+R^ O^, 3SiO^, 
may likewise be written : — 

Ca 'I 

S>0,SiO,+ ^;>}o,3SiO, 


Slunvlng thus that this mineral is leucite (K O, Si ()^ + Al^ O^, 3 Si OJ, 
wliich the greater jwirt of the potassji is replaced l)y lime, soda, aiid 
and a portion of tlie alumina by sesfjuioxidt^ of iron, 
llu'sij roinarks re.specting the deduction ol' Ibrmula; lor oxygtm salts, 
^‘Pl'b' course equally to metiillic sulphides. 

f ALCnOATlON OF TIIK DENSITY »)K THE YaFOKS OF VOLATILE BoDItS. 

A>in Api'lication of the Results, as a Yeans of contkollinu tjieii! 
Analyses, and detekminjnu tiieih Eoeivalents. 

§ 201 . 

^ iko specific gravity of a compound gas is o<|ual to the s\un of the specific 
c'‘OU]e.s ol its constituents in one volume. 

^ 2 volimic.s of hydrogen ga.s and 1 volume of ox}-gcn gas give 

^ uino.s of aqueous vapor, ll’ they gave siinj)ly 1 volume of aqueous 

‘Tceilic gi’avity of Uic latter would be ecpial to the sum total of 
liy(lro<!^'^^^ fe'f^'city of tlic oxygen and double tlie .spocitic ganvity of the 

2 X 0-0093 = 0-138(> 

+ 1-1083 

But. . -1-2409 

give 2 volumes of aqueoius Yuipor, tliis 1*2409 is distri- 
l5e two volumes ; accordingly tlio spocilic gravity of tlie 
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It will be readily seen that the knowledge of the density of tlic vajion f 
a compound supplies an excellent means of controlling the correctness of 
the relative proportions of the equivalents assumed in a formula. 

For instiince : from the results of the ultimate analysis of camphor^ lias 
been deduced the empirical formula : 

C.. H. O. 

Dumas found the density of the vapor of cauqdior - 5-312. Now, l.y 
what means do we find whetlu^r this formula is correct with respect to tlie 
relative proportions of the equivalents ? 

Specific gravity of the vapor of carbon 0-831 
„ hydrogen gas 0-l)f>‘J3 

„ „ oxygen gas M08 

10 eq. 10 volumes- 10 x 0-831 ^8-310 
8 eq. II = 10 volumes — 10 x ()'0003 - l-fOl) 

1 eq. 0= 1 volume -lx 1'1081 - 1-108 


10-527 

This sum is almost exactly twice as large as the specific gravity foiiml 
by direct experiment (“I 'AfLl = 5*203) ; which shows that tlic rcliiti\c 
proportions of the ecpiivalents are correctly given in the empiricJil furmnla 
of camphor. But whether the formula is correct, also, with regard to the 
absolute number of equivalents, cannot be determined simidy iiom tlie 
density of the vapor, because wo do not know to how many vohiines o 
Ciunphor vapor 1 ecpiivalent of canqdior corres])onds. LiKiiiu assuiuest ie 
0 (piivaIent of camphor to correspond to 2 volumes, and gives accoit no } 
the formula 11^ 0 ; whilst Dumas assumes it to correspond to I voIuuk^. 
and accordingly gives the formula 11,^ 0^. , 

The knowledge of the density of tlic vapor affords, therelorc, m n, 
simply a means of controlling the correctness of the analysis, uitia 
esUiblisliing a rational formula ; and although it is made to sm'c some- 
times for the latter purpose, yet this can be done only m 
stances for which wo are able to inibr from analogy a of 

condensation : thus, for instance, experience provi’s that 1 
the hydrates of the volatile organic acids, of alcohols, &c., coriesp* 

to 4 volumes. ^ i i . i h^nzoii; 

In § 2(13, 2, we have found the rational formula of hydrate* ^ 
acid to bo II, O,. Dumas and Mitsciikklicii found the vapor i 

to be 4-20. . . 1 . .v 1 1 flio siimtot*'! 

Now nearly the siimc numher is obtained by dividing by * 
of the gravities of the several constituents contained m 1 ocpi 
hydrated benzoic acid, viz., 

14 volumes C - 11-034 
12 volumes H - 0*83 1 
4 volumes 0 = 4-432 


lG-807 


= 4-224 


Heumann Kopp* has called attention to the fact that, if ^ 
* Compt. rend. 44, 1347 ; Chom. Centralbl. 1867> 595- 
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; 204] 

of;i substiince refers to II - 1, and tlie vapor density of the same to atmo- 
spheric air=l, the divisioti of the e(iuivalent by the vapor density gives 
tiic following quotients, 

28*88 M-41 7*22 


according as the formula corrraponds to 4, 2, or 1 volume of vapor : 
28*88 corresponds to a condensation to 4 volumes 
14*44 „ „ „ 2 „ 

7*22 „ „ „ 1 volume 


Kopp calls these numbers 7}ormal quotients. If the vapor density is 
not qnite exact, but only a{)proximatc (determined by exp(n-imcnt), other 
numbers are found, but, to be correct, tljesc must come near the normal 
numbers. 

If therefore, we know the equivalent of a body, we may, with the greatest 
facility, ascertain avhetber the determination of the vapor density of th(‘ 
body has given approximately correct result.s or not, 

Gat-Luss.<iC found the vapor density of alcohol to be 1*0188; 
Dalton, 2*1.* 

i\ow, which is the correct number ? 

The equivalent of alcohol, 11^ Oj, is 40. 


'10 

2*1 


21*9 


4 ^ 

r0l88 


= 28*5 


It is evident that Gay-Lussac’s numlrer is approximately correct, for the 
quotietit found by it comes very nenr the normal fpiotient, 28*88. 

Ai;:iiii, if wo know the equivalent of a bo<ly, and the number of volumes 
o( vapor curre.spouding to 1 equivalent, we may also, with the same facility, 
calculate the theoreticid vapor density of the body. For in.stance : the equi- 
valent of hydrated benzoic acid i.s 122. The division of this number by 
28'.S8 gives 4*224, as vapor density, which is the same as that found by 
Victual experiment. 

And, lastly, if wo know approximately (i.e. by experiment) the vapor' 
J'lsityol a body, and also the ratio of con(len.s.*uion, wo may, with the aid 
^ yese quotients, approximately calculate the etpiivalent of tlic body. 

p//. The vapor density of acetic ether has been found = 8*1 12. The 
^‘ytplicatioii of this number by 28*88 givo.s 89*87 as the equivalent of 
wliicli comes near the actual tspiivalent, 88. 
ist shown how the knowledge of the vapor density of a body 

‘Account as a means of controlling the results of au ultimate 
is 1 same, we will now proceed to .show how the va])or density 

Ivom the dati obtiiiiod as described in § 194, A and B. 

1 take as mu illu.stration Dumas’ estimation of the specific 

Tim of camphor. 

'6 resiilta of the process were as follows : — 

^eniperature of the air 13*5^ 

Y 742 mm. 

I emperature of the bath at the moment of sealing the globe 244® 

. ^ease of the weight of the globe , . . . 0*708 grm. 

Mercury entering the g , . , . 295 c.c. 


* Gmeliu's Handbook, viii., 199. 
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Now, to find the vapor density, wfi have to determine, 

1. Tlie weight of tlie air which tlic glohc hokls (a.s a necessary stijit,, 
tlie determination of 2), 

2. Tlie weight of tlic camphor vaj)or whic.h thc^ globe liolds. 

d. Tile volume to which tlie camphor vapor corrci^poiKls, at 0 and 
760 mm. 

The .solution of those (piestions i.s (piite simjilc ; and if the ealciilatinn, 
notwithstanding, ap[)earH somewhat com[>licate(l, this is merely owiii^uc 
certain reductions and corrections Avhich are reipiired. 

1. 77<c wn'/fht of the. air in the fjJvbe. 

The globe holds 21)5 c. c., as we sec liy the volume of mercury r(?r|iiirt:i! 
to fill it. 

First, what is the volume of 2i)o c. c. of air at Id ri^and 712 imii. 
at 0° and 760 mm. ^ 

The (piestion is solved according to the directions of § 1!)8, a," 
follows : — 

760 : 742 : : 297) : 

X ~ 28«S c. c. (At and 760 mm.) 

and again : 

28H 2.S<S 

U ( I = r(M'j-i ] ■ - “"'I "''0 ) 

Now 1 c. c. ol’air at 0'^ and 7f)0 nim. weighs O’OO 129366 grin.; 274 (.c. 
weigli accordingly 

0-00 129366 X 274 -0-354 16 grin. 

2. '/'he Wehfht of the V'apor. 

,Vt tlh'; beginning ol' tin' experiment we tared the globe i the air u'itljii) 
it ; we aCterwanls weighed the glolie + the vapor (hut witliont tJic an ):— 
to find, therefore, the actual weight ol' the va[)or, it is not sullicicut to 
subtract the tare from the weight of the globe filled with vaimi', siiio' 
(y/n.v.v -f rnyvfu') — (y/u.s-.s- + mV) is not — ceyioc; but wt; have cilhci **'^'* ’ 
tract, in the first place, tlie Aveight of the air from the tan.', or to add u 
weight of the air to the increa.se of the Aveight of the globe. JiCtusdota 
latter : — 

Weight of air in the glolic O-dh Hfi grm. 

Increa.se of Aveight of globe 0-70<S00 grm. 


The weight of the vapor is accordingly - 1 ■06246 grm. 

3. The Volume to irhlek this Wei^jhi of 1 ’06246 (jnn. oj I t"" 
s ponds at (4 and 760 in.ni. , 

We know from the above-given data thtit this weight 
295 c. c. at 244° and 742 mm. Jiefore we can proceed to rtn 
volume according to tlie directions of § 198, the following coircctiou 


neiaj.s.sary : — _ (.x- 

a. 244° of the mercurial thermometer corre.spond, according to 
perinient.s of Mauni.’.s, to 239° of the air thermometer (see Table 
h. According to Dulonu and Fktit, gla.ss expands (comnicncuv 
j/ioea volume for each degree C. The volume ol the g ^ 

moment of scaling was accordingly — 
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295 


295 X 239 
35000 


- 297 c. c. 


If we now proceed to reduce this volume to 0° and 7 GO mm. we find 
liy the proportion, 

7G0 : 742 : : 297 : at 

X (f.e., c. c. of vapor at 7G0 mm. and 239°) 200 ; 

and hy the equation, 

290 

1 + (23!»x0003(;G)"'^ 

X (ne. c. c. of vapor at 7GO inm. and 0'’) - 154 0. 
l.)t G c, c. of camphor vapor at 0“^ au<l 7 GO mm., wcigli accordinpdy 
l (l(>24G grm. 

1 litre (1000 c. c.) weighs conse(piently G‘87231 grm. , since 

154-G ; 1()G24G:: 1000 : G-87231. 

.\ow 1 litre of air at 0® and 7G0 mm. weighs l’293GG grm. 

Ihe specific gravity of the camphor vapor consequently — 5*312 ; .since 

1-293GG : G-87231 :: 1 : 5*312. 


h. Wo will liere take an imaginary determination of tlie vapor density 
'Jt ' tlier as our example. 

Bull) + ctlier = 0*3445 grm. 

„ empty -- 0*2040 grm. 

Weight of ether - 0*1405 grin. 


lenipcraturc of the glycerine solution in tlie outer cylinder 100° 

‘^p- gr. of the same solution at 100° I 

•''."'""‘''te'i- 7o2 mm. 

htlbrence between the height of‘ the mercury in the outer I 

. and inner cylinders ' 

jl<'iglit of the Column of mercury in the outer cylinder. . GO mm. 

nside height of the outer cylimler lOO mm. 

uiiie of the vapor as found from the tube’s table . . . GO c. c. 


S^y^’‘^'rino solution being 400 — G0-= 340 mm. high and having a 
^ >c gravity of 1, corre.sjionds to a column of mercury of 25 mm. The 
consequently is under the ])ressure of 752 + 25-50 = 727 mm. 

100° and 727 mm. consequently weigh 0*1405. 
^ -ave now to calculate the weight of GO c. c. of air under the same cir- 
^anistunces. • 

1-293GG grm. Heated to 100° 
13GG*5 c. e. (comp. § 198, a), and with the pres.sure reduced 
tlio !* l5ese expand again to 1428*5 c. c. (cornp. § 198, /3). But 
l*2f)‘l(p‘^^i^^ ''Yeighs tile same, viz., 1*293GG grm. .*. 1428*5 c. c. weighing 
GO c. e. weigh, under the same circumstances, 0*05433 grm.; 

tlie 8j,. gr. ether vapor = = 2-58C 




PART II. 


SPECIAL PART. 




I. ANALYSIS OF WATERS.* 


A. ANAIhYSIS op FRKSH water (SPRING-WATER, 
RIVER-WATER, &c.) 


§ 20.'). 

The analysis of the several kinds of fresh water is usually restricted to the 
([iiantitative estimation offhe following substances : — 
a. Bam : Soda, lime, magnesia. 

h. Acids : Sulphuric acid, nitric acid, silicic acid, carbonic acid, chlorine. 
c. Mcchanwally suspended Matters : Clay, vtc. 

We confine ourselves, therefore, lierc to the estimation of these bodies, 
111 cases where the examination is to extend to other constituents besides 
these, llie methods given in §§ 200—213 are resorted to. 

I. The Water is clear, 

1. Detcniu/iation of the Cldon ne . — This may be eflbcted, either, u, in 
tile gravimetric, or, b\ in tlie volumetric way. ^ 

a. Gravimetrical ly. 

Take 500— 1000 grin, or c. c.f Acidify with nitric acid, and precipi- 
ce with nitrate of silver. Filter when the precipitate has completely 
I'jt iMi cJ (jj 141, I., a). If the ipiantity of the chlorine is so inconsidiTable 
I'tt tie solution ol nitrate of silver produces only a slight turbidity, eva- 
a larger portion of the water to .'cc,, of its bulk, lilter, wash 

precipitate, and treat the liltrate as directed. 

^ voliimetrically. 

1000 grm. or c. c. to a small bulk, and determine the. chlorine 
silver without previous filtration, liy solution of nitrate ot 

with addition of chromate of pota.ssa (§ 141,* I, b, a). 

N///y>/mr/c Acfd.—Tiiko 1000 grm. or c. c. 
alter tl ^ ‘ydrochloric acid and mix with chloriile of barium. Filter 
the s! completely subsided (§ 1 32, 1., I ). If the quantity 

to I I J ‘s very inconsiderabh*, (waporate the acidified water 

4? ( 5 > wc., of the bulk, before adding the chloride of barium. 

tion Ac5/. — If, on testing the residue on evapora- 

presonco strong reaction is obtained tliat the 

1000 stable quantity of the acid may be inferred, eva[)orate 

^llask Tf ^ water in a ])orceluin dish, wasli the residue into 

^ 0 any carbonate of lime, Ac., remains sticking to the dish, it may 


The tran 1 * Compare Qualitative Analysis, p. ‘2G‘2, et ficq. 

^’Iiemical Sa ^ f would romiiul the analyst of a paper vc'ry rowntly read before the 
^ As ,^dler— see the Society’s Journal (2), iii., 117, ot seq. 

^I*e several . S*’J^yity of fresh water ditfers hut little from that of pure w-ater, 

^^htion ia of water may safely be measured instead of weiijhed. The cal- 

»‘«3ilitated by taking a round number of c. c. 
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bo (lisrogardecl, as all nitrates are soluble), evaporate in the lla.sk sti'! 
further, if necessjjry, and in the small (piantity ol' residual lluid detoniiii; 
the nitric acid according to § 140, /I (p, 345), or according to ^ ]4[i ) 
The Ibrmer method is less suitable if the residue on eva])oration (ymtait'; 
organic matter. If the latter method is cmt)lo}'ed the ev.ai)orat(:(l wattj 
must first be heated with potash solution till no more alkaline vapors 
escape. 


4. Determination of the Silicic Acidj Lime, anel Magnemi. 

Evaporate 1000 grm. or c. c. to dryness — after addition of some Lvdrn. 

chloric acid — preferably in a platinum dish, tnnit the residue witli livdnj. 
chloric acid and water, filter off the separated silicic; acid, and treiit be 
latter as directed § 110, II., Estimate the lime and magnesia in tk 
filtrate as directed § 154, C, a ( 32 )- 

5. Determination of the total Uesidue and of the Soda. 

a. Evaporate 1000 grm. or c. c. of the water, with jmoper care, to 
dryness in a weiglied platinum dish, first over a lamp, finally on tlio 
water-bath. Expose the residue, in the air-bath, to a tenijieratiire ot 
about 180°, until no further diminution of weiglit takes i)lace. Tlk 
gives the total anwnut of the salts. 

h. Treat the residue with Avater, and add, cautiously, pure (liliito sul- 
phuric acid in moderate excess ; cover the vessel during tliis operation 
with a dish, to avoid loss from spirting; then j)]ace on the Avater-baili, 
without removing tlic cover. After ten minutes, rinse the cover byineaii.i 
of a wa.shing bot^o, evaporate the (Contents of the dish to dryness, ex])eltlie 
free sulphuric acid, ignite the residue, in tlic last stage with addition ot 
some carbonate of ammonia (§ !)7, 1), and Aveigh. Tlic residue consists ol 
sulpdiato of soda, sidjdiato of lime, suljdiatc of magnesia, and some si|)nr;itol 
silicic acid. It must not redden moist litmus pajier. The ([uaiitity ol tlio 
sulphate of soda in the residue is now found by subtracting from llieAvehlit 
of the latter the known Aveight of tlio silicic acid and tlic Aveight of die 
sulphate of lime and suljdiate of magnesia calculated from the 
of these earths found in 4. 


b. Direct Estimation of the Soda. 

The soda may also l.)e determined in the direct Avay, Avith compiratre 
expedition, by the folloAving method : — 

Evaporate 1 250 grm. or c. c. of the water, in a dish, to about J, 
then add 2 — 3 e. c. of thin j)ure milk of lime, so as to im])art a strong) 
alkaline reaction to the fluid ; lieat for some time longer, then Avasli t “ 
contents of the di.sli into a quarter-litre flask. (It is not neccs.sary to 
every particle of the jwceipitato into the flask ; but the Avhole of the 
must be transferred to it, and the particles of the j)recipitate adlieriiig to 
di.sh Avell Avashed, and thcAvashings also added to the flask.) AHoav the ecu 
tents to cool, dilute to the itiark, shake, allow to deposit, filter through a ( 0 
filter, measure off 200 c. c. of the filtrate, corresponding to 1000 
of the Avater, transfer to a quarter-litre flask, mix with carbonate oi^ 
monia and some oxalate of arnriioiiia, add water uj) to the mark, ' 
alloAV to deposit, filter through a dry filter, measure off 201) c. c., e 
s{)onding to 800 grm. of the water, add some chloride of 

* To convert the still remaining sulphate of soda, on ignition, into cblou 
sodium. 
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evaporate, ignite, and weigh the residual chloride of sodium as directed 
§ 98 , 3 * 

7. Calculate the numbers found in 1 — 0 to 1000 parts of water, and 
(leUii’inine from the datii obtjiined the amount of carbonic acid in combina- 
lion, as folloAVs : — 

Add together the rpiantities of sulphuric acid corresponding to the bases 
found, and subtract from the sum, first, the amount of sulphuric acid pre- 
cipluited from the water by chloride of barium (2), secondly, the amount 
corroi^ponding to the nitric acid found, and thirdly, the amount corrcs])ond- 
ing to the chlorine found (for 1 ecp Cl, I e(|. 80^^) ; the remainder is ecpii- 
valent to the carbonic acid combined with the bases in tlie form of neutral 
carltonates. -lO parts of suljdiuric acid remaining after subtracting the 
quantities just stated, correspond accordingly to 22 parts of carbonic acid. 

li‘, by way of control, you wish to determine the combined carbonic acid 
in the direct way, evaporate 1000 grin, or c. c. of the water, in a flask to 
a small bulk ; add tincture of litmus, then standard hydrochloric or nitric 
acid, and proceed as directed p. 203, bb. 


8. Control. 

If the quantities of the soda, lime, magnesia, sulpliuric acid, nitric acid, 
silicic acid, carbonic acid, and chlorine are added together, and an amount 
ol nxygen correspionding to the chlorine (since this latter is combined witli 
iiK'tal and not with oxide) is subtractcal from the sum, the remainder 
nnist nearly correspond to the total amount of the salts (bund in 5, a. 
Pa'fect corres])on(lonce cannot Ixi expected, since, 1, upon the evaporation 
ot the water chloride of magnesium is partially decompo^d, and converted 
|i'to a basic salt; 2, the silicic acid expels .some carbonic acid ; and 3, 
It liciiig dhlicult to free carbonate of magnesia from water without incur- 
uiig lo.ss ot carbonic acid, the residue remaining uj)on the evaporation of 
tlic water contains the carbonate of magnesia as a basic salt, whereas, in 
o'lr calculation, we have assumed the quantity of carbonic acid corre- 
'■ ponding to the neutral salt. 

9 . ])etcrimnation of the free Carbonic Acid. 

It the case of well-water this may be conveniently executed by the 
§ 139, y (p. 295). Wc here obtain the carbonic acid 
^ *'1 1 IS contained in the water over and above the quantity corresponding 
0 1 1C nionocarbonates, or in other words, the carbonic acid which is free 
''"Inch is combined with the carbonates to bicarbonates. 


J^eterniination of the Onjanic ^fatter. 

othdr^ contain so much organic matter as to be quite yellow, 

sul ^'*oatain traces, and many again may be said to be free from such 
hish^ exact estimation of organic matter is by no mcan.s an easy 

"atorT- nsually adopted — viz., ignition of the residue of the 

treatment witli carbonate of ammonia, gentle ignition 
yields ^^‘dculation of tin; organic matter from the loss of weight — 
iq^]>roximate result, since we can never be suro as to the 
in residue dried at 180'^ and 

after ignition, {ind since the silicic acid expels some carbonic 

♦ Xjljg 

which entirely dispenses with washing, presents one source of error 
salting f '^^^'H’ied by the preeijutates is not taken into account. The error 
so tridiiig, that it may safely be disregarded, as the 
®ight amounts to Can- at the most. 
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acid, wliicli ia not taken up aj^aiu oti treatment w'ltli carl)onalo of 
moiiia, ^c. However, it is generally a matter of importaiiee, in ro<r.i[.||' 
the application of a water, to know the (piantity of organic mattiT ' 
lienee we have lately liad recourse to the permanganate of 
sought to (h'termine the organic matter at least emn])aratively I'nim |i' 
(piantity ol' the oxidizing agent reduc.ed by a, definite amount, of w.c, 
FouciiiiAMMKii* heats a (antain (pianlity of the water to boilings miik n, 
dilute solution of permanganate from a burette, till a faint but perm m, , ! 
nnlness occurs, he then allows to cool, and to a. like (piantity of jiinvdj 
tilh'd water adds jierinanganab! from the same luirctte till a, similar ci,!,,,' 
tion is t'orimul ; lastly, lu^ finds from the diircrence tin; (jiimitiiv (if 
permanganate reduced by tin; siibstanc(‘s conlained in the water, it, 
i\I()NNii:i:'|’ uses a solution of 1 grm. permanganab' of potassa in 1 |iin. ,,1 
distilh'd water, ])urilied by rectilication over some ]>ernianganate of p(ii;|..,.| 
He warms bOO c. c. of \]\o. water to 70”, adds 1 c. c. j)nre snlpliinic 
and then the standard solution of jx'rmangaiiate to ineipitmt coloral ion, 
finally, (h'dueting from the (piantity emjiloyed tlu' (piantitv iieei s^.irv in 
impart the saim* eoha-ation to bOt) e. c. of purified distilled water, .'iciiln- 
hited and lieatt'd as aliove, he ()])ta!iis the (piantity of permanminate ivliicli 
lias lieen reduced by tli(‘ substances jtr(‘S('nt in tlie water testi'd. 

(’omparative e\p('riiiienls of this kind are often of value; hut t!ie\ d,, 
not provieleais wdtli a numerical e\])r(‘.ssion for the anioiiiit of ormiiiic oiii 
stances jiri'sent, since' waters contain sometimes other bodies, cyMcjafv 
nitrites, sulpliuretted bvdrogcn, and salts of protoxide' ol' iron, wliicli liavr 
the' jiroperty of reducing permanganate' ol’ polassa,aiid since again orginic 
sul).staiic(.;s deeonijiose various (juantities of this salt, ae'cm-ding lo linir 
nature. 


II. The irafer is not (‘huir. 

Fill a'large llask of known capaeity with the water, close with a 
stopper, and allow the* llask to stand in the (•<>1(1 imlil tlie siisjx'iKh il mallrr 
is deposited; draw off the clear water with a siphon as far as pr.ad iiahlc. 
filter the liottoms, dry or ignil<‘the eonleiits of the filtei-, and weigh. Treat 
the clear water as directed in I. 


Ilesjteeting tlie <’alcnlation of the aiialvsi:-, 1 refl'r to § H.‘», reniarldn,- 
simply that the resnll.s are //.»7/u////j arr;iug< <l upon the j'ollowing l*iai 
ciples ; — 


The rhlor/nr is combined witli sodium; if there is an ('.xeess ih:' 
is combined willi calciinii. If, on tlie other hand, iheia' tamains ,ii 
e.xcess of ,sf)da, this is combined with sniphiirie acid. d'lie stilploinc C(V(/. 
or, th(! remainder of tin* siilphririe a<-iil, as llic ease mav be, is cniiihit’ol 
wdth lime. ddu; nitrir orit! is, as a rule, to be eoii^bimal with linn . I h' 
sl/ieic nrid is jiut down in the free stale, tlie remainder ol the hnn' aim th‘ 
fno(fni's/'(/ as carboiiate.s, either neutral or acid, amiording to cireiinistaim's. 

it must always be borne in mind that, tin; results ol the (pi.ilita'i'* 
analysis may reiid(!r another arrangement of the acids and b.is(‘s iitcosai} 
For instance, if the cvajiorabsl wal(‘r reacts strongly alkalim', (•arhdi.iii 
of soda is pri'sent, generally In c()mpaiiy with sulphat(! of soda and ehleiM 


IriHtitut. 1849, 883 ; JahniHhpr. von v. Liohig u. Kopp. 1849, G03. 
t Cornpt.. ic*n<l. 50, 1034 ; l)iiigl(?r’H polyt. .founi. 157, 132. 

7 A cuilaiij latitude is here allowed to the aiialvHt’H diacrctiou. 
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f sodium, occasionally also witdi nitrate of soda. The lime and magnesia 
^ then to be entirely combined with carbonic acid. 

the report, the quantities arc represented in parts per 1000 
(or 1000 , 000 ), and also in grains i)er gallon. 


por technical purposes, it is sometimes sufficient to estimate the I/ardnes!? 
pfthc water (tlie relative amount of lime and magnesia in it) by means of 
findard solution of soaj). A detailed doscrij)tion of this nietliod, which 
^ s first ein))loyed by Ci. ark, has been given by Fiau.ixu and Faisst.* 
P is only ly strict adherence to the rules given by these chemists that 
liai'inoiiioiis results arc obtained. 


B. ANALYSIS OF MINFdLVL WATERS. 

§ 200 . 

]fere a larger number of substances claims our attention than in the ana- 
lysis of I’resli wat(!rs. Tin; following substanc-es may be present : — 

a. Ba.'ien : Ihjtassa, so<la, lithia., oxide ofca*sium, oxide of rubidium, 
oxide of thallium, ammonia, lime, Ixiryta, strontia, mag- 
n(!sia, alumina, protoxide ol' iron, protoxide of inangaiiese 
(oxide (jf zinc, [)rotoxide of nickel, protoxide of cobalt, 
oxide ()fcop])er, oxide of lead, teroxide of antimony). 

1. Acids, cj'C. ; Sulphuric acid, phosphoric acid, silicic acid, carbonic 
acid, l)oracic, acid, nitric acid, nitrous acid, hyposul- 
pliurous acid, chlorine, bromine, iodine, tluorine, hydro- 
sulphuric acid, crenic acid, apocrenic acid, formit* acid, 
pro|)ioiiic acid, Ac. (arsenious and arsenic acids, titanic 
acid). 

c. Nuii-coiuhlixul elcuirnts (tiid i/>di(j’<f(iit (jases : Oxygen, iii,tr()gen, 
liglit carbide of hydrogen. 

(I. Tiullii'crcNt ortjtniic UKillcrs. 

Many of these substances oeciir in most sja-ings, in considerable ]>ropov- 
tluiis; of the bases, more ])articularly soda, lime, magnesia, and S()metimes 
also protoxide of iron ; and of the acids, A c. — suljdmrie. acid, carbonic acid, 
dlidc acid, chlorine, and sometimes also hydrosuljdiuric acid. The others 
arc almost invariably found oidy in trilling and often in exceedingly 
miimto pjroportions. The substanci's between brackets are usurdly dis- 
tiiipniisliahlc only in the residue on eva])Oration of large ([u.antities ol water, 
<jr ill tlio niuddy oehri'otis-deposils, or .solid sinter-deposits, which form, 
111 most niiiieral springs, in the ])arts where the air acts upon the water 
llmving oil’ or ke])t in a reservoir. I 

11m suhjeet of the analysis ol' mineral waters is properly treated under 
^^'0 heads, viz., 1. The (pitd^lical process: and, 2. The caU'tilaiion. and 
of the results. 


1. Tm: .Analytical Frockss. 


flio perlormance of the analytical proee.^^s is divided into two parts, 
1, operations at the s[)ring or well; and, 2, operations in the laboratory. 


bewerbeblatt aim WUrtoinbcrg, 1S.^C2. 193 ; I’liaruiaeeut. CVntrall)!. 1852, 513. 
f ki’Ve already nieiitioiied in the Qui'htativo Analysis, if oxide of lead, oxide 
b)und, it must be a subjeet of careful examination whether these 
es loally proceed from tho water or from any metallic pipes, cocks, &c. 


N N 
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A. Operations at the Sprino or AVell. 

I. Apparatus and other I\E<iUi.siTES. 

§ ^ 07 . 

1. A coinnion si])]ion of 200 — 2r)(^ c. c. c;ipnclty. 

2. Four flasks ofalxmt oOO c. c. capacity. Fiacli coiitaios aljout -'i 
hydrate' of lime quite free from carlxioie; acid (p. 2‘.l 1 ,/^), and — il’tlio 
\vat('r contains carhonate of sotla — al)Out 1 yrni. dry cldoride' of c:ili ■uin, 
Fach flask is Avoipdied Avitli the liydrate of lime, i^c., and its caoutclidin. 
sto])per, and the weight is marked on a label gummed on the flask. 

o. An accurate’! thermometer with very distinct scale'. 

d. About tS wliite glass Ixettles of 2 to o litre's ca|)acity, f)rovi(l(>(hviili 
well-titting steeppers, jere'fcrably of gla.ss or caoutchouc. C'aoiitrluni,. 
stojipers must bt> pnrifie_'d. 

r>. k’ovir white; glass bottles, holding about 7 litres, })rovided with 
or caoiite’lmuc stopp(>rs. 

(I. .\ e'le'an carboy in basket, preeviele.'d with c:ioutche>iic sie)])pcr. 

7. A litre and a lialfditre flask. 

S. (Jne nuelelle-si/exl anel two large funnehs. 

0. Sw'e'elish filte-ring jeaper. 

10. Flasks, beake-rs, lamp, glass rods, glass tulees, caoutclie:nic Luhliig 
fdes, scisseers, knife', e'aeeute'lmuc steejqee'rs, eairks, string, eke. 

11. lo'age'iits, meere; espe'e'ially tlie^ fetlleewing : aininonia, hvilrncliloiic 
aciel, acetic aclel, nitrate e>f‘silve‘r, e'hloriele of barium, oxalate; of aiiiiii<iiil:i, 
tannic acid anel g.'illie aciel (or infiisieen eef galls), tinclui'e of litimi.s (Iroslily 
pre[iare'el), test |)a|»e'rs. 

lleside'S the'se artiede's, the feellowing arc alse) reepiireel undea-ceTtaiiK'n'- 
cumst:iiie*es : — 

a. 77/c IWitcr co/ifm'/ts SN/phiurttal /hidroffcn nr an A //v/Zoc'dA/c/b' 
Snip hair. 

12. A slaiielarel seelutieen eef iexline in ioeliele of' peatassinm. This imi't 
lie very eljliite-, say 1 e‘. c. -- abe)ut O-OOl gnn. ieMline'. Siieh a sehiii"n 
may be [(repareil by mixing 1 volume; of’ lirxsEN s sediitieai ol iodii*' 

l id, 1 or o) Avilh 1 volumejs of water. 

Id. Starch-jiowder. 

1 1, A Mohr's bure;tte, anel se've'ral pli>e‘ttes. 

lb. A solution of’ ai'seadons aedel in hyelre)chle>ric aciel, ear eg arsoiiiti' 
soela ; alsea the; re'age;jit.s and a|)paratus mentieene-el pp. ooO anel o.al. 

h. Thr Watri' rnnhilnr a larffr proportion of Jf-oto.ndr of Iroii.rlui.l il 
is intrntird to rslimafr i/irrcthf (rofnnietrira/lif) at thr Spranj or H dl. 

If). A bnre'tO', ))ij)<.*tte; anel se)lutiean e)f jecrnianganate e)f peetass.i. ^ 
AvateTs aboiineling in ireui, this se)hil.ie)n must be; e)f such a ehyna- 
eliliition that 100 e;. c. e)f it e-eenvert abe)ut 0 - 1 gnu. iron freau ihc stii^ 
j)re)te»xiele te> that e)f se'sepiieexiele. If the; Avate'r e'eeiitains only a. 
preeportieen e)f irem, the; se)lntion must be st ill nmre; lai'ge'ly ‘lihite i . 
solutie)!! has tea be; stanelarelize el euj the speat, Ave'ighe'el ]»ie;e‘es eif 1"‘"! j 
Avire, eer a stanelarel soliitioii of eexalie aciel (qn DSO) will be also icegna 

c. Thr trho/e of the (Jases (/issolred in. the Wafer are to he (Irfaene ^ 

Acemrding as the water is poor or rie'h in carbonie; acid 
§ 2f)<S, 10, a ew Za, is employcel, anel conHcquently Ave reepiiro 
17 . The apparatus tliere described. 
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5 208 .] 

(j The OaMS ivkich are evolved at the Sprunj are to he determined. 

In tills case wo require 

IS The ap])aratus described § 208, 11. « 

f The Well is deep, and specimens from i:arious Dejdhs are to be 

(’/(I I III red- 

Hero wc must liavc 

I'j. Tlie a])|)aratus ligured p. 540. 

/’ The S/)ecijic Gravitf/ if hitfhh/ Aerated Water is to he d> tennined. 

I'lidor those (•ircumstaucos wc must provide ourselves Avitli 

:>0. One, or rather several bottles, such as are ligured and described p. W,u . 

IT. AxALYTTC'AL ritOCKSSKS. 

§ 208 . 

1, rA’iniiine the appeaname (color, clearness, I'Cc.) ol' the wati'r. A 
Avatef Avill often look ch'ar at a lirst glanec, and yet upon closer inspec- 
timi in a Largo white Liottle sIioav a few or even a great many colored or 
cnliirlO'S Hakes, \'c. In such cases, the bottle is allowed to staml a day in 
a cool place, and the clear water then di'cantcd ; the matters which may 
Ikivo suhsided are tifterwards ('xamimal under the microscope. This ex- 
aiiiiiiaflon often reve:ds the [>resence of infusoria, ]>lants ol’ the lowest 
(il'ilcT, iV’C.* 

2. Observe whether there is disengagumient of pas ; wlietiier th(' water 
ill a glass I’orms small jicaidy bubbles; and whether gas is disengaged 
wlicn the Avater is shtdteii in a hall’-filled liotlle. 

;J. FiXainine the taste and snail of the Avater. To detect verypniniite 
jortloiis of odorous matters, half fill a. tumbler or, belU'r still, a Avater 
Lonlo, cover with the hand, shake vigormisly, take olf the hand, and smell 
the water. 

1. Asci rtain the reae'iim of the' Avater, bv testing Avith tc'st prqK'Vs (or. 
Letter still, with blue and but Very slightly reddened tincture of litinns) ; 
vi'l (ihscrve Avh('lher the color Avhieh the pa]»cr has acapured, clianges 
drying in the air. 

lixatiiine the temperainre of the AV.at(*r. The simplest and best Avay 
>'1 '‘(h'cting this, if pr.'n-tic.abh*, isti) plungi* the thermonn icr into the .spring, 
^>11*1 to note accur.ately the height of the mcrcurv whilst the thermometer 
J'^y^till in the water; or a large bottle with a tlierniomcter in it is filled 
'vitli Avater by iininersion in tin! .H>ring, and left some time in the latter; 

‘t IS then taken mit, .and the' height ol’ the thermometer in the bottle accii- 
‘''‘f(:ly noted. If the water iloAVs froiti a pipe, it is rceeived in a large 
phss iuiiii(.] which Avill alloAV about .as much water to run out as ent(a’s. 
llic llierinonieter is fixed in tin' middle of tlie contents of the funnel, .and 
t Jc height, ol the mercury marked after some time, 
hi addition to the temiieratnre of the sinang must be noted alsi> : — 

The ,late. 

hliG temp('raturc of the .air. 

<• rile circumstance Avhether the temperature of the Avater is constant. 

Compare Schulz, Jahrhiicher dcs Vcreiiis fiir Naturkundo im llerzogthumo 
■Nassau, Heft VJII. S. 4‘). 


N N 2 
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or varies In the different seasons of tlio year ; wlucli may generally [ 
ascertained on the spot. 

(). Fill the bottles specified in § 207, 4 and 5, and the carboy^ 

This must he cllected with great care, to j)r{!V('nt tlie water IVoni l)ccoiiiij 
iurl)id, which is very likely to hap[)Cii if the botth^ accidentally grazes tlio 
bottom or sides of the basin. If you cannot succeed in ])ro(!iiriiig t|ie wauv 
quite clear, filter it into 4 of the H smaller botth's and into tlie bpr ,, 
botth's, using for this pur])ose large })laited lilters of Swc'dish paper, so tf, it 
the filtration may be ra])id. Mot unoften the filtration may be avoided Iv 
filling the (I — 7 litre bottles with the water, allowing them to stand (pdctlv 1 
to 2 hours in tlie shade, ami then, when the flocks have perfectly settled a, 
the bottom, drawing off the clear water into other Itottles l)y incans of a 
si})h()n. Close tlie bottles securely, and mark them. 

As inqmrities oc(‘asionally float on the surliu’e of the wat(>r, it i.s alwavs 
advisable to submerge the bottles entirely, and to a siiflicient dcptl). In 
eases where it is desirable to avoid the least agitation of the water in tin' 

W'ell, the bottl(M.)r llask siioiddlii. 



])rovided with the coiitrivaiicv 
illustrated in fig. lol. 

As soon as tlu.' tliimii) ismisal, 
the water rushes into the vosscl, 
whilst the air ('sca[)es througlitho 
other tul)e, wdiich oj)eiis alMWotlio 
surlio'e ol‘ the w ater. Ifthowatt r 
lies beyonil the reaidi of the ojio- 
rator, tin* l)ottl(! or llask is tied Id 
a rod, or 1(4 dowai into tlie ucll 
snsjaended by a string, and wiili 
a W(‘ight atta(died. h'o keep the 
Itottle or flask in the upright po- 
sition, a net may be iisid, willi a 
hole in the middle, thi’oiigh wliiiii 
tlu! made of tlu' hottle is thrust, 
the net being th(Mi gatlieri'd ami 
ti(.‘(l under the bottom ol tin: 
bottle, tuid a siillieieiitly heavy 
weight attached tio it. 

It‘ th(‘n} is a. dcip well, and it 


i.s (hasirtsl to take s]H'cinions 
the water tfom various depths, the a))paratus, fig. may be used w 
Kivantage. 


f )n the inoutli of the strong fla.sk a is cemented air-tight tlnv huC' 
ea[) /y, which Ix-ars two bra.sa tubes, c and d. A gla.s.s tul)e, c, is joined too 
and Ibrins a downward eontinnatioii of it, nearly rcacliing to tlie hottoii| 
of the flask. 44ie tulie d de.scemis just to tlie interior of the cap 
surrounds the gda.ss tuhe, as .showui in fig. Ihd. The bra.ss tuhi'S arc pi" 
vided vvUh eock.s, /'and which can he opened and shut w'iih eas(3 1’} y* 
arms, (j and A, ami when 0[)en offer a perfectly fia.-e pa.ssagm , 
cocks are to he turned simultaneously, as is usually the ea.se, the eii< ' 
the arms are joined l>y f ami /•. In the ]»osition indicated by the 
both cmdvs are clo.si^d ; wdieii i is drawn uj), liotli are opiMi. _ 

any mi.stakc as to when the cocks are turned on or oil', tlie ends ol 
should he marked. The upward continuations of the tubes, c' aud ///, 
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tliey are fastened on by tlie serews n and o. The flash is snrroundcd 
^vjth a silk net, to wliich are attaehed the weiglity> below, and the knotted 
fold (j above ; the latter serving to hold the ap- 
vii'itiis during immersion and to measure the q 

ioiith. ddie cord r is connected with /•, the f 

.S' with i. The cords are wound above : ! 

round wooden rollers, whieli are marked to M 

avoid confusion. ^ • 

When the a])paratus is to be used, close tlie i 

focks and sink it to the desired de))th, Avhile i 

two assistants, Ji and hold loosely the cords r ♦ 

and s, oarc being tid^eii that the flask does not ^ 

revolve upon its axis, otherwise the cords may 
jiccoinc twisted. When the apparatus lias been €/ || ^ if 

jiiiincTsed some time, and the water has become 
t;till again, S draws up the cord 6‘, and A* loosens 
his hold of r. The cocks are thus turned on, 

-ind tlui water enters the flask through /e, while ^llTTc / \ ''gf Y 

tlu; air, forced through the cres(‘ent-sha])ed ojien- iL \k / i 

iiig at the top, escaj)es at tn. The air ascends in 

largo bubbles ; when these cease to a}»pear the 

flask is full. A now pulls r, while >S' slackens 

Tlio cocks being now closetl, the apparatus is / 

drawn up by q, whilst A and >S gather in their / 

rcsjioclive cords gently. If the a])paratus is pro- 

jierly constructed, the flask will now be (pute 

lull, and no bubbles ivill be visible on inverting 

il, Finally llic a])paratus is inverted, a bottle is X^vi 

placed under nt, and the ooeks are o})ened.* 

7. To (Icleniiine the totn! curbonic (/en/.j’ If 
possible fill the jdunging siphon with tlni w.ater, 
having ]»roviously rinsed it with the sauuu (‘mj)ty W 

it into one of the flasks eontaining hyilrate of 
lime or hydrate of lime and chloride of calcium 
(§ :1U7, 2), insert the stop])er, and fiisten it down, IHJ 

then fill the other three ilasks in the stime maimer. 

II the siplion can bo Idled eom])letely with ease, 

It will not be absolutely necessary to wcigli tlie 

flasks, hut still weighing is always safer, and ^ 

tnahlcs the operator to jiroceed with greater 

rapidity, as it is then nnneeessiry to pay any 

JiUontioii to the ])(!rfeet filling of the sipdion. 

d the miiHuud water flows from a l>ipc, the 
^vcighod flasks eontaiidi*g hydrate* of lime, iVc., Fig. 153. 

held immediately under the .‘stream lid they 
‘'U’c filled almost up to the neck, and then corked, 
d the carbonic acid is to be determined in water collected by moans of 

The apparatus I use, made by Kiliaii, of Wiesbaden, has the following <linu‘ri- 
fiions: Capacity of the flask (500 o. c., internal diameter of the brass tubes 7 mm., 
'^le of the cocks 5 min., length of the arms 90 mm., lerigtli of the lateral con- 
bie arms 105 mm., weight of p 5 lbs. 

Tl respect to other methods of estimating carbonic acid, comp. § 139, T., b. 

'®*^^biodwe are about to describe is excessively simple, and surjiaases all other 
methods in exactness tZeitschrift f. anal. Chem. 2, 50). 



550 


SPECIAL PART. 


t5 


tho apparatus, fig. 152, I’roiu tho bottom of a well, and possilily 
saturated with carbonic acid, the safest course is to use tlie Avhol,. . 
t)l‘tlio water contained in tlio flask a. Jn this ease it is best to piYuvI j' ' 
follows: — ^In a flask, holding half as much ag;ain as u, plaeo aii ( xcr 
hytlrate of liim? free from carbonic acid, and if recpiired, also a, (piainit'J '! 
solid chloride of* calcium more than suflicient to decoiiiposu tlio carin', 
of' soda. Noav, having raised the apparatus, unscrew the conncctdis i 
/• (so that tho cocks may be opened se])aratcl 3 ') and also tlic top joiin^ | ■ 
the tubes. III and c', and remove the small (piantities of fluid Av)r„,]| , , 
above the cocks, JS’ow invert the ajiparatus obliipiely, witli the cocP 
the lowest position and over the mouth of the flask, open e, ami t] , 
cautiously the cock f. In this Avay the water ])asses out fhroiipli u yliih 

air enters through y! As soon as about i of (he conlents lias run dut 

close tlu^ (*oeks, insert tin' stopp(n’ in the flask and move it genflj', in (inlir 
to shake the hydrate of lime about, and thus cll’cct the ahsoiption ol' 
earl)onie acid that may have beam di.se iigaged from tlu' Avat(‘r in jiouriii" 
in and liave passed in tlie flask. The nnst ol' tln.Mvater is tnansleneiUo 
the liiiK'-tlask in the saim* manner. Tins doin', in order that llie earlioim 
arid remaining behind in a may not In; lost, transfer alunit nO c. c. lime- 
water or very thin milk of linu' to u, shake for some lime, :nnl tlmu (Tiijtv 
it into the lime-flask, into which also k is to be rinsed, d’he liiiK'-llmk n 
now cork('d and llio cork fiistetUMl d()Avu. 


The ea|»aeity of* u, and eonsi'ipiently tlie amount ofAvatim eniplnytd in 
tills ('.\])(‘riment, ma)' be determined b^^ measuring, l)nt it is siin])]( st, ami 
saves all eateulation to refill the apjiarafus, as deseribed, with tin; niimral 
Avatcr, to empity it into a tared tlask, and weigli. 

<S. If the. irafrr aiiitnnis lujilra.^iil phu ric rn iil^ determine this hy tlie 
standard solution of iodine 2tt7, 12), in tlie maiin(*r direeleil ji. Iftl.n, 
It the ^Avater eontains an alkaline eai'bunate, in jiresenee of a tolcrahlv 
larLm jiroportion of tree earlnmie acid, no modification of the piMciss is 
reipiired, and tln're is no in'ed of adding acetic acid or chloride of Imriiuii, 


since liiearhonati' ot“ soda is Avithout aelion ujinn iodine solution, ll’ii 
graviinotrie control is desired, proceed as in ]>. c. 

In the analysi.s ol'alk.iline miiH'ral Avaters, the (piestion arises, InAv nim.l: 
ol' tlie sulplmr eonijiound found should ho I'alenlated as snlpliun.lte! 
hj'drogen. tind Iioav much as sulphide or Ijydrosnlplinri'lfed sulphide A' 
it is, tlieretlirc', of importance to know Avhether the water Avill, upon Inng- 
eoiitinued transmission of an indilforont, g.-js, wholly or partlallv ’1" 
siilplmr oompouiid which it contains, a portion of tho minei-al walir h 
moasiirod oil, in a flask elosod by a cork witli tAvo poi foratioiis, into em'‘l 
Avliieli is flrtod a lube roaehing to tho bottom of tin; flask, into tie* otliir. it 
tiiiie ])ent at a rigdit anglo, Avhi<'b does not proje'ot on the insiih- Inyoiitl tin 
cork ; througdi the former hydrogen gas, Avliieh tias bc'cii pas.':;e(l. Iin't 
tlirougdi .solution of eliloride of mercury, tlieii llirougli solution ofp('t;i>pi' 
is eondneted into the Avater; through tho latter the gas malo's it^ 
from tluj flask. As sofm as the is.sning ga.s no longer deeolori/.es a siiM 
(piantity ol .solution of’ iodidi; of .starch, Avhieli is a proof th.at it no leiig) 
eontains .sulphuretted liydrogeii, the tran.suii.ssioii of tin; hydrogen ge 
diseoutinuc'd, and tlio suljihur rcmtiiuiug iu tlie Avater in the tlask (k'^' 
mined by iodine .solutifni, or as tor.sulphide of arsenie. The opeialiont^l 
passing the gas goiierally takes .several lioiirs; it .sliuuld be conduetml ai a 
cool and sliady place. , 

The suljihur coiiipxjund remaining in .solution in the water in the b‘^" 
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■ tlic case of minoral wators (;ontainin;^also free sulpluiretted hydrogen, 

f;,5Luhihurct.tc<l sulpliide. _ _ _ 

' Mil this method ol‘ doeiding tlie ])Oint iii (luestion, wliieli is recom- 
1 (h 1 idso V)y W. P>. ;md R. Yj. Rooeiis,* is well ada}»ted for waters 
^'"'thuin'’^ only, dr almo.st exeliisively, free sulplmnM.ted liydrogen, and no 
Sulphite, t it cannot Ik; u.^ed for stdidinr Avaters containing chielly 
sulldiides, or liydrosulpliurellod sulphides, and besides these— as is 
’ — li V])OSiilphites. 

* 'inAV'ilers of tliis description, the suljdiur in combination with hydrogen 
(vi'ilrtiiVis deteriniiied j()iiit]y, in tlie iirst ])lace. ^ This is ciTeeted best by 
of ;i solution of cadmium, which is as sensitive as any other metallic 
f.'lutiou '*7 hyi)Osnl]iliite of soda, 

lldwever, the precliiitated sulphide of cadmium being liable to contain 
of cadmium, cannot be weighed directly (K.xpt. No. but 

M,. suhtliur most l)e determined in it as stated § 14H, 11. , 2. 

\ fr(‘sh portion of the water is now taken, and first the free sulidiuretted 
livarogf'ii ex])elled from it, tluMi the sulphnr(‘tted hydrogen present as 
vulpho-acid, in combination Avith metallic sulphide; the evolved gases 
;i,v determined by Iraiismittiiig them through an ammoniacal solution of 
1 unite of silvaa'. d'he sididiur combined Avith metal to monosulphide is 
lliPii estimated by the dilference (unless a bisulphi«le lie present). ^ 

To olfect this obj(;ct, the same method may 1 k‘ emjjJoyed Avhich SiAiMLF.nj 
u>ol in his e.xcelhmt analysis of tin; mineral water of Stacludberg. The 
livt; sulphuretted liydrogen gas is tir.st ex})elled Irom the Avatar by meaii.s^ 
of pure hydrogen gas, with the aid of an exhausting syringe; solution of 
Milj.hate of iiianganese is then addisl, through a funnel tube; tlie .sulphu- 
roiled hydrogen jiresent as sul])ho-acid in combination Avith metallic 
sulphide, being thus lilx'rated, is then removed. 

The sulpihide ol' maneani'se is tiltere<l oil, and the AA'arm filtrate mixed 
rith seliition ol' neutral nitrate ol silver; il a hvpo.sulphite is present, a 
luripitate of sulj»liide of silver Avill fall doAvn, Avhieli generally contains 
ah') ehlorlde of silver. This |.r.‘cipilate is lilUTcd olf, the chloride of silver 
|'"!iiiiv(m 1 hy ammonia, the Avashed sul[>hide ol silver dissoha'd in nitiic 
luid, the silver in the solution determiiuMl as chloride ot silver, and the 
In pesuljihurous acid calculated from the result, ('ompiare § Id-S. 1 think 
1 need hardly observe that the silver in the sulphide need not be detei- 
Miined at the Avell. 

'fhe filtered ])recipliate of sul]>hide of manganese contains the sulidiur 
I'fesi iit ill (he analysed Avatcr in form ol monosuljthide ; but il the A\atei 
‘■'-ataiiis a hisulphide|| the protosuli'liide of mangaiu'se is mixed with the 
Mil[)hur which Avas combined with the inonosuliphide to bisulphide ; the 
h'ec sulphur thus mixial Avith tin; sul]>hid»‘ ol maugauese is left uiulissoKed 
iipcii ticatiiig the precipitate Avilh hydroehlorie acid. 

her the details t)f the ojK'ralioii and tin* apparatus emjdoycd for the 
‘^'xpulsion of the sulphuretted ]iydroga;n, I refer to Simmlek s original 
itieinoir. 


*h ff the. iratcr roitinins a t^oincirhat hinje (jtniDtifii oj protiKyirhonaie of 
iron — Avhich is indicated by the rather dark vioh'i color exhibited upon 


. * Sillhn. .lourii. 18, 213 ; Journ. f. prakt. Chem. 64, 123. 

t Coinparo Fresenius’s Analysis of the Mineral Water ot W eilbacli, Journ. f. prakt. 
them. 7o, )s. 

X Journ. f. prakt. Oiein. 71, 27. 

11 If the Avater contains a bisulphide, it will in a large ipiantity appear yellowish. 
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aiLLtion of gallic ami tannic acids — endeavor to dc'termino tlio prof 
of iron volnniotrically Avitli the aid of the dilute solution of 
of potassii (§ 207, 10. Comp. p. 11)0). Take ahout 5()() o. c* 'of'T* 
water, and perform the experiment in a white bottle, standinir V* 
sheet ot white jfaper ; mix the Avater previously with dilute sulplo|-^ 

Kepeat the experiment several times until you ol)taiu suHieiontlv r 

stant results.* ' ' ^ 

II the Avater smells of sulphuretted liydrogen, or if it contains a iioi iip 
proportion ot organic substances, this method cannot be em|)l()y(Hl.| 

In the case of waters coiitaininn. 

\ . chlorides the results will he too hinh li,,,’, 

the cause mentioned, ]>. 11)1, unless th(. pr,'! 
cautionary measi ires there given arc adlil-n d 



I’ig. 154. 


10. 7b dcteniiiite fh(' ii'ho/c of (he uds,^ 
which the water holds in solntiun, jiroiTcd 
as I’ollows, according to a or as tlie v-iiia- 
is poor or rich in carbonic, acid : — 

(t. The wafer is poor in. earhoni.e (ivhJ, 
Fill a globe, as shown in fig. bVl, eiitiivlv 
with tlie Avalci*. l'\)r this purjiosc lill it 
first Avilh the mineral water, then Id it 
down into tin.' w('ll, either tied to a md, ei- 
A\ ith Aveighls attachcfl to it, and suck eiit 
tin; contents through the giitta-jierclia tiiln; 
(u ), whicli reaches dowii to the hoi tom of 
the globf', until thcf Avaler origiiiaily ['ri'soiL 
in the vessel Is (‘iitirely replaced Ic thdi 
Avater from the spring. The cock (//) scrvis 
to prevent the Avater ifi the tnl)(' reccdiii,: 
during the necessary inter\als of (‘cs.'-atieii 
from sucking; a small j)iece of' vnlcaiiizol 
india-rubher tubing may be snbstituteil br 
the cock : it is closed by pressing betwcdi 


* r>y this expeditious process we may readily ascertain liow much jirotoxidc of iron 
the water of a chalyheate spring loses in its passage to the reservoir, and tlioiice to tho 
f>ath.s ; or after being ko|»t for a shorter or longer time in a bottle. Tlie estiiiKUiuin 
of the iron, which I made hy thi.s process in a preliminary examination of the springs 
of Schwallbach, corresponded almost exactly with the results of the graviiiietiic aiinhbs 
The same [u'oeess is also of essential .service in collecting the water of chalyheate s|iriiii|S 
as it enables the operator at once to examine on the sjiot every small contrlbuloiy. 

t The following modification, which, however, 1 have not yet tiled, might be 
adopted in the analysis of mineral waters in which hydrnsuhihurio acid only i'> 
sent with the [»rotoxide of iron : — Determine the relation existing between tho hoIuUoh 
of iodine and the solution of permanganate of potassii, with respect to their adi"!| 
upon v<my .dilute |)uro sulphuretted hy<lrogen water. Test 500 e. c. of tlie miiH'i'i 
water with solution of iodine, and another 500 c. c. with solution of periuanganab 
of polas.sa : the former process gives the amount of the sulphuretted hydrogen ; t i*? 
latter, after deducting from the cpiantity of permanganate used, an amount cejm 
sponding in its action upon sulphuretted hydrogen to the quantity of solution of 
used, gives the iron. 

t The peculiar oilor, usually perceived while tostingaeidified saline waterwiih perinjin 
ganate, frequently arises from bromine or chlori<le of bromide. During tho exanuna h> 
of the Elisabethenquelle, at Ilomburg v. d. 11., I observed most distinctly the sme 
bromine. 
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the fingerB. Over the month of the glohc tie a piece of .slieot imlia- 
juli])Cih whieh, by ita e)iisti(‘ity, permits the iatenil paswigt; of tlie tube 

a slit, wliilst completely closing the montlj of tlm 
,riol)e alter the witlidrawal of the tube. Finally, withdraw the a 

suHsing tube, and take the globe out of the well. Then con- He 

iipct it promptly with a caoutclioiie cock,* fig. 155, 
whieh is tilled with boiled water, and tied (R. JJuxskn). W 

If the water tlow's from a ])i])e, connect this with a caout- |l 

(kouc tulie, introduce the latt(‘r int^ the globe, down to the JjlL 
lioftoiu ; let water run in tor some time att,er the globe is full, ' 9 
and close finally with the eaoutchouc eoek asjiist now directed. ! 1 

Then connect tlie other cud of tlie cock a with the tube Z>, I I 

and tlie latter again, after pouring some water into it, with i || 

till; graduated tube c, liy means of anotlier oaoutehouc ;p:| 

cock, d. The capacity of tlio gra<liiated tube c must be at ; |i 

least half as mueli again as tlie volume of tlie g-as wliicli the i i| 

witer holds in solution, measured in the cold, and at the |j| 
coininoTi pressure. Hence if this }irocess were used fiir * 1 
ivatcrs (’ontainiiig mueli carbonic acid, unless the tube c ^ 
ivcre increased to an inconvenient size, the <piantity of water : i l 
cnniloj'cd would lie necessarily so .miall, tliat tlie (letermina- ' 
rion of the other gases dissolved in the water would be im- 

.\W incline tlic apparatus a little, snfHcient to liring =• 1 

some of tlie wab'r in the tube h into the body of -w 

file hull), and boil, with the cock n closed, and the 
('(ick d open, until the atmosplierie air is eoinplc'tcdy ox- 
I'cHed, and replaceil liy aqueous vajior ; then close the vul- ^j||| 
oiDized india-niliber tube c, by a ligature or a ooinpres.sioii ItW? 
cock. \\ hen the apparatus is eohl, ojieii tlie eoek <( ; tlie 
water in the ghdie begins immediately to boil, and the gas vJjjHt 
which it holds in solution escapes into tlie vacuum. A|*plv 
boat for ahout hour, wuthout exceeding W\ \Yliieli will ^ 

kccpiliL' Avater iu the glolie in constant ebullition, and com- 
pletelj expel the gasi's from it. After tliis, lieata little more 
strongly, until, owing to tlie greater exjtaiisioii of tlie vapor's, 
tlw Imili'd water e.xaetly reaches the caoutehoue eoek <f. | ijK 

fhe ill, slant this is the ease, lie the ligatun.! round d, re- 1, H 

’“eve the luho c from /q and open it under mercury, liy 
•intyiiig tile ligature at c, and note tlie volume of the, gas, 
fie state ol the liaroiiuWer and tlK'rmometer, and the ludglit ^ 
of the iTiereiiry iu the tube (hb Jh’NSKN’). It’ them' was no 
stadnatod tube at liam], a uon-graduated one of known Fig. 155 . 

‘^'•‘paeity might liave bemi u.'^ed in.stoad ; in which ease, as 

as, after taking off the ligature, (he level of the uu'rcury is insido 
‘Y. tlie same, tlie ligature is again drawn tight, and tlie» mercury 

'' lie 1 ha.s entered the tube transferred to a graduatetl cyliiuh'r, where it is 
I'wu.siuec]. The voliiine found is subtracted from tlie known capacity of the 
^" 6 - tlie diflerence ('xpresses tlie volume of gas ('xpelled from tlie water. 

^ ^ s it is not likely tlie opm’ator Avill take with him to the well the entire 
dparatus rcquircil for tlie actual analysis of the expelled gases, tlie latter 

* The contrivance so called has already been described, p. 490. 
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must be taken to the laboratory in sealed tubes. For tliis puri^, 
graduated tubes of a similar form to c are sul)stituted for tlie laUor- t] ' *' 
tubes are drawn out at both ends, near tlu! thicker j)art, so ns lo j.,,, i 
admit of sealing. The expulsion ol'the gases from the water is ellbc UMl as 
now described, and, wl)en tlie opmation is over, and the ligat ina' tied romp 
(h the tube is seahul at the drawn-out parts in a, blowpipe llamo tl 
apparatus tig. IhG,* or an eolipile, ])eing used for tlie ])iiipi>s('. p j' 
advisabh' to till 2 or M tiilu-s in this iiiannor 
As th(^ total (pianlity of tlie gas in a dclini,,. 
amount of the water is known ky tl,,, 
experiment, it is a matter ol' iiidilUmviirr 
whethei- the tubes usc'd for carrviiii;' tluMr.i.. 
to the laboratory, contain tlie wlioh- (if die 
gas expelled from the Avater, or wlieilior ^ 
small (piantity of it is kdt in the liIoIh'. 

h. In the ease ol' watei’s n'lit in o/r- 
hnnic tis already nn'iitioiied, tliu fore- 
going ]>roei-ss is not siiitalde. 
ddie escajie of tlie other dis- 
solved gases is then i;ivore(l by 
the abundant (wohition of car- 
bonic acid, and we can tliere- 
Ihg. laG. fore ilisjimist' with the vacinmi. 

Jn the examination of siieli 
waters T jiroceed as folloAvs: — A llask holding about hOO e. c. 
i.> tilleil with the water, as previouslv d(‘scribe(l, and then closid ^ 

witli a perfiinited caoutchouc stopper that has beirn well kneaded ^’1; | 

uinler the mineral water; into the pertlinition Avhich is Idled [r K 

Avitli tlie water, is inserted the < nd ol‘a tube, entindj' tilled with 
distilleif wat«‘r. This tube is binit tlrst, at a right angle, tlu'ii at 
an obtiisi; angle, and is turned up at the end. It is by no 
means ditliciilt to obtain tin* tiask and the gas (hdi\'ery lulio 
pei’fectly fidl of water, ddie llask is |daced on a wire gaiixe, 
and the end of the tul>e dips into a dish cont.aining boiled jiotash 
liiMif ;ibout 1 -27 sp. gr., in which is inverte<l n tubiMif the lia-ni in- 
dic-ateil bv tig. I r)7,al.so tilled with the same li([uid; u liolds about 
f) c. e. J)etl*re use, a strijt of paper is gummed on />, Avhich is 
marked as .shown— tin- numbers indicating the ea])acity ol the 
jiortion of the tube aliove them in <•. »•. ddie graduation may 
Ik- perlbrmed witli easic ami I'ajiiditv as fdlows: — hold the 
lube under a IMonids burette, ami run in water till tlie thiid has 
jiassed the shoiihle*!'; continue adding wateiy t i 11 a \\ hob' number 
of c. c. have been run in, ami then make; tlni liist. mark, add 
.another c. c. and mark .again, (Vc. As .soon as the mouth ot 
the g.as delivery tube h.as been brought under the opening ol 
the inverted tulie, be-gin to he.at, tin; llask slowly. The carbonic 
acid e.scaping^ is ab.sorbed ]>y the polasli lie, the unab.soi'bcd 
g.ases eolha.'t in (ir.aihi.ally he.at to boiling .and eontinm* in pjg. 15/. 
ebullition till the volume of gas ceases to increase, then remove 

* a is n Htnall lamp holding jihoiit 3 grrn. oil, conriectod with the ,• 

80Tnowh<at flexii>le wire. 'Phe Haiim may ho udjn.stod by bonding tho wiio. 

Borvos aH the mouthpiece, bo that the whole utl'air may be held and guided wi ‘ 
teeth alone. 
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1 delivery tul)0, and allow to cool. Note the volume indicated l)y 
' also the pressure and temperature, and tluai fuse off a by 

' ins ef an eolipile or tlic apparatus llg. 150. The gas can then 1)0 
triiisperted to the laboratory and examined at leisure. Should the gas 
•.- 4 iiltiii'^ from one operation not reach tin; scale, a second o[)eration must 
]„' iierfornKid with fresh water. It is advisjd)lo also to fill another tube 
tlio J^ame manner. ^Jdjere are two sources of error involved in this 
rictliod: first, we do not know the exact volume of the water from which 
tlif'-as is produced — this arises from the fact that on warming, a ])ortion is 
ilnvrii into the tube, before its gas has been expelled, and although after- 
wards strongly heat(‘d, we cannot be certain that it loses ev('ry particle of 
„.i^_-^ccoudly, the tension of the water contained in the piotash lie cannot 
p, exactly calculated. The error is, however, decidedly smaller than when 
a small (luantity of highly aerated water is treated after the nndhod u, 
and the amount of iin.absorbed gas is scarcely measurable. 

11. If it is wished to ascertain acvuntfclf/ the nature of the gases 
s’lnntaiieously disengaged from the spring, they should be receivtid in 
tcst-tulx's holding -10 to f>(l c. c. For the jairpose of collecting the gas 
tlicse are connected air-tight with a funnel !>}’ means of a cork or caout- 
diouc tiil)e, as shown in fig. 1 oH. These i ubes are drawn out at (i. Larger 
(juaiitities of gas are coUecled in bottles willi drawn-out neck (fig. 15h.) 



big. 158. Fig. 15‘th 


After filling the tulies or bottles Avilh the mineral water, and connecting 
tl'cm air-tiglit with the funnel, the ap})aratus, with the mouth of the funnei 
tiu-iiod ui)ward, is com])letely submerged, and water sucked tiut.tbrougb a 
^ruTow tul)e, reaeliiiig down to the l)ottom of the tulu: or bottle, until the 
’''liter oI the tirst lllling is entirely roplaeml by a fresh ejuantity, which has 
^'ot been in contact with air. The apparatus is now inverted, under the 
and the sjiontaneously disengaged gas ascends through the funnel. 
* '^'ild the gaseous buhlilcs be (h'taincd iu the iicckof tlic funnel, or below 
narrow part of the tube or bottle, they may readily In? dislodged by 
the rim of the funnel against a hard body. A suUicient ipuintity 
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of gas is allowed to enter to fill the tube or bottle and tlic nock of 
funnel; u disli is now ])Iaced beneatli the funiu'l, and the appariitr' 1 ' 
lilled out ol the watc'r; the narrowed j)art of tlie tube or bottle i.st ^ * 1 *^ 
heated to remove moisture, and then sealed. As the column ol‘ water '^1 
lunmd above the level of that in the dish diminishes the pressiin; of the 1" 
against that of the atmosjihcrc, expansion ol’the glass need not be :i])prohoii,u 
(U. JIunskn). For Avarming and fusing off the tube an eolipily or 11,* *' 
l)il»e and lamj) (tig. Ihb) is used. It is necessary to fill sevenl Oii * 
nottles in tins manner, hhould the nature of the spring lie such tliai it ' 
impossible to fill the tulies in the manner described, recourse is had to'ilt 
following contrivance (h. Bunsen). The funnel is weighted by tht Vl 



Fig. 100 . 

ring r, and lowered into the well with a strong cord. Tlie tube of llic 
limnel is connected Ity india-rubber with the tin tube e/y, and tlic latli v 
with the.glass tubes r, c, f, which have a capacity of lO (Id e. c. (‘adi, mid 

at tlie piarts where they are to be IusimI olf are somewhat tliickf iicd mid 

narrowed. The fumnd is first lilled by suction as iiir as the c()( k d mid 

the gas is then allowed to ascend in the funnel till it is under a pres- 

sure exceeding that ol‘ the atmosjdiere. ddie eoidv /> is then opiaicd and 
the gas is .allowed to ])ass through r, c, e, till all atniosph(.'i ic air is 
certainly dislodged, c, c, r. being mnv tille-d with gas I’rom tlie s]>riiig 
are Avarmed, ami then the two outside eaoutelionc eoniK'etors are closed 
by compression Avitli the jingers or by a idani]); finally, as .soon as tlie 
tompenitnre lias liilleii to siieb an extent that tb(‘ outside atmospheric 
ju’essure is slightly .superior to the inside pressure, tlie tubes are fused uH 
ill sucei'ssion. 

In the case of chalybeate springs, earboni<* acid ofteai so go'atly jne- 
dominates in the spontaneously disengaged gas, that a larg(‘ niiinher d 
tnbe.s must be filhml, otherwise after the ab.sor]»tion,of the earboiiie acid h} 
potash, the residue Avill not lie eiiongli for the examination of the ollici 
gase.s (nitrogen, marsh gas, oxygen). In smdi ea.ses I preli'i' to proeiv 
lidlows, viz., to determine the proportion betAve-en the volunies ni thegi^'*’^ 
ab.sorbable and not absorbable by pota.sli, and to colleet for traii.sport to tio 
lafioratory none but the noii-absorbable gasii.s. . 

To efleet the first, fill a graduated eyiimlor 20 to oO mm. wide, <iw 
holding 200 to oOO c. c., with mineral Avater, sucking out Avhat first enters 
witli a glass tulie, invert it aeiairding to tlie nature of the spring, eit ‘ei ^ 
its fiasin or in a porcelain disli lilled witli mineral Avater. fiH 
with tlie gas ; in the first case directly, in the second case by the ai ^ 
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. funnel above described, which must now be provided witli 

]^'iblc°tubc and gas evolution tube instead of collecting tubes. Kernovc 
1 . cvliutlt'U* from the well with a j)or(;(ilaln dish, suck the conlining water 
completely out of the dish Avith a pi])ettc, add boiled potash lie in 
• • stfid and agitate the cylinder to liivor the absorption of the carbonic 
I'ifl When this is finished read olf the volume of the umibsorbcd gas, 
iiotiiw the temperature and pressure. In many cases, even when large 
^ liivlcrs arc used, it would be imj)ossible to measure the unabsorbed gas, 
uiilcsa the upper portion were narrowed as in fig. Ifil. 

In order to collect the unabsorbable gases alone, I 
always use the weighted funnel, with harrow gas tube 
and flexible connector. The latter is provided with a 
scrcAV ])inchco{‘.k. The gas tube dips into a di.sh con- 
taining boiled potash, in Avhich a tul)e of the form 
fig. 1(12 is inverted. The clip being 0 [)en, as soon as 
yon can be certain that the gas coming from the funnel 
is ])erfcctly free from atmospheric air, ])lace the turned- 
up end of th(i gas delivery tube umhn* the tul)e fig. 1 02, 
yg and by adjusting the scrc'w clij) j>rocure a regular suc- 

W cession of small bubbles. As these will Ixi almost 

'j| completely al)sorl)ed, it Avill of course be some time 

* » before the tube is filled to about u, and ready for 

sealing off. 

12. If sulphuretted hydrogen is given off, fill a 
rather large-sized flask with the neck somewhat drawn 
out, with th(‘ mineral water, push over tin' neck a piece 
of wide caoutchouc tubing purified with soda lie and 
provided with a strong com])ression cock, insert Fig. 101. 
into the other end of the caoutchouc tul)e a funnel, 
and fill the latter tdso Avith Avater. bivert the Avhole under the 
Fig. 162. surface of tin' water, and receive the gases. When the flask is full, 
clos(; the c(mipression cock, Jind in\a'rt the flask in a beaker 
containing solution of* chloride of*co]»j)(‘r mixed with .‘immoniti in excess; 


open the coni])ression cock, and let a sufheient 
enter the flask ; close tln^ c'oek, shake, .allow 
the mixture to stand some time, filter olf tint 
sul|)liid(' of C(»pp('r foriiK'd, and determine tho 
buliilnir in it, as directed § 118. 11., 2, <t. (.'al- 
ciilatc from the (piantity (d* sulphur the volume 
el the snlpliurctted hydrogen. 1^' subtr.actiug 
tlii.s from the gases absorbeil hy solution of 
peta.ssa, (doteruiined in 11) you obtain the 
Volume nt’the carbonic acid. 

b). d'o d(.'t(‘rniine the sj)ecifn‘ gravity of 
liiglily aiaated mineral Avatt'rs the bottle.^ illus- 
trated fig. log injiy ]),» ^js(>d with advauf.ag<‘. 
^hey hold 200 to 100 c, c. The tluji ]).art of 
the nock is oO mm. long, cyliudrical, and as 
^Jiuforni as ])ossiblc in the bore, its internal 
'liametor is h-G mm. ; it is provitlcd Avith an 
iniUiuietre scale. The mouth of the 


(piaiitily of the solution 


('tel I 


hottleinust be rpiite round, so that it may be 
^ air-tight Avith a caoutchouc stopper. 



Fig. 1()3. 
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To fill Uio bottle it is ininierscd in the water. Tf the neck Is no 
than directed, there is no difilculty about the filling. As soon 
water reaches the middle of the drawn-out piirt, the nioutli is (.]/n 
under water Avilh the thumb, the bottle is taken out, and iln^n witl / 
delay a caouteliouc stop})er is driven in and tied tlown, in iJijs loinijlj' ^ 
the bottle is transpoiKnl. It is well to fill anotlun- botth; oi’ tin. , 
kind. In default of such bottles, however, lill several nan-ow-iurlp 
common bottles, with unpn*aduated necks, as above directed. 

14. Pay attention to every particular connected with tlie sjn-inL^, ;in,| 
fact, to every circumstance which may have a l)earinp^ u])()ii the iimstiui 
tion : as, for instanct', and more j)articidarly, how iniicli water ainl ]i„\y 
much frc'c pnas tin* sprinj^; yields ; — whether the (piantities of water mik] ,^ 1 ' 
free pnis remain the Siune at dilferent periods of the year, and wii'u 
the changes in the height of the water in indgliboring rivers; — wlmj,,,,. 
the h'vel is constant; — whether a muddy deposit or solid sinter Ihins 
in the outlet ]»ipes or in the reservoir (in which case a tolcrnlily Lipr,, 
(piantity of tlu‘ <K*j)Osit must be taken to the laboratory f»r (‘xaiiiiiiiitidu)- 
— to Avliat geological formation the mountain belongs on Avliicli llic sjirinM 
comes to tlui surliice; — the de[)th from which the s[)ring rises: — llie ualiiri! 
ot’the basin the predominant Jiction of the water, Ac. 


Ik OrtUATioxs IN Tin: L\nonAToi:v. 


I. Qi Ai.iTATivi: Anai.ysis. 


§ 


This is enected in the manner described in the “ (,>ualilative 
211, d suj * 

11. Qi'ANTiTATivi: Analysis. 


Analysis' 


§ 2tUl. 


The course to be pursued in the ([uantitative an.alysis of iniiieral wat rs 
dilfers according to tlie j»res(‘nce or abscaice of alkalim? carbonaU‘s. As llic 
jinalvtical coursi; is inoia; simph; in the cas(! of alkaline tliaii in tliat ol iimi- 
alkaliiie Avaters, we will begin here, wilh tln^ lallcr, Avhieh, in her, aliiic'i 
entirelv Imdmlcs the pnx'csscs rcipiire<l in the anaU^is of alkaline waters. 
AVe proecMsl upon the assumption that all the substance's are |n'es(‘iit wliloi 
areusindly found associated in saline' springs. '’I'ln' niodilicat ions re(|iiiivl 
in tin.' analysis of alk.aline, and ol‘ sulphuretted waters i-e.-]iecl 1 vely Avill ie 
siili.stMpiently j)ointed out. 

As the evaporation of large (piantities of wati'r, wbicli is necessary 1' 
efi’ect, the determinat i()n of the substances ])re.vent in veiw^ niiiiute |ir"' 
])ortions, consumes much time, it is advi.sable to lx gin Avilli tins i)[)cranrii 
and to carry it. on concurrently with the other analytical processes. 

The contents of three! larg(' bottle.s — coinse'ipicnfly, about, 2<n)(IO gnn. y 
tln^ Avatcr — are gradually evajxu-ated in a platinum or porcelain dislntyoi!* 
addition (;i' a suliicieiit (juantity of ab.solutely ]mre hydrochloric a' ld 


* Mineral watiirs which have been kept a long time in stone hotiles, offeii sne ^ 
snl|ihurette(i hydrogen, though in the fresh state they wore <'ntirely fren loin 1' 
o<lor. This is owing to the circumstance that the contact with the nioist ceik. nr s' 
other organic substance, reduecH a portion of the sidphates to sulphides, from " sn 
the free cartxuiic acid afterwards evolves siilphuietted hydrogen. . 

t tf yt)u use a porcelain dish, you must l•enollneo the detection and dotcinaa'''’ 
of alununa in this portion. 
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firt 'I feebly acid reaction to the llnid. Tlic best way is to conduct tlio 
ill acbainbcr or closet a])]jropriati;d to llic purpose, to which no 
but the analyst has access, over gas- or spirit-lamps, or on the. sand- 
' that the greatest cleanliness is ncccssjiry in the o|)eration need 
1 11^ lu! mentioned ; it is not advisaVjle, therefore, to allow this operation 

performed by another person. When tlie lliiid is somewhat eon- 
th(! evaporation is continued on the water-1 >ath, or on a very 
^iirllerately heated sand-bath, until the residue is pcrlectly dry. 

Xbc' actual analysis of tin; water is also j)reced(‘d liy the 


IIETKUMINA I ION OK TUi: SriXll’IC GUAVITY. 


a. The nyiter is poor in (jas. 

bqu;ili/e the tem]K'ratures of a l)otthi of the mineral water and a bottle 
of distilled wattT, and note the ludglit of tlu; thermometer. Fill an aecu- 
hired small bottle, of at h^ast 100 «rrm. capacity, provid<‘d with a 
ivell- tilting ii'lass stop])er,'*‘ with tin* distilhMl water, and weigh; empty tlui 
liortle, rclill it Avith the miiu'ral water, and Aveigh again. The (plot lent 
iil,[;ii)UHl by dividing the Aveight of the mineral Avater liy that ol' the dis- 
tilled water, gives the specilic gravity of tin; former. Take can; that 
there are no gas bubbles in the bottle while Aveighing. 

b. The irotcr is hii/hlf/ neroted. 

Here tlui nu'thod a is ina])jdica1»h‘ unless the Avater be deprived of a, 
|inrli()ii of its carbonic acid. If tliis Ix' dom*. hoAvever, the rcisidt Avill not 
he tlie true sp. gr. ol‘ the Avater as \ iehhxl by the spring, and Avill, more- 
over. varv with dill’eiamt analysts, 'flic (h.deriidnation of tlu' sp('citic gravity 
uf such water is eth'cted with the aid of the bottles Avhich have been 
deserilx’d in § 20S, Id, ami tilled as directial. 

I’laco tlu' botth; in a room ol’ t(dcrably constant tempi'ratiU'O on a. 
horizontal support, and l»y its side a somcAvhat larg(‘r bottle containing 
disiilled water, ch)S(‘d Avith a cork, through Avhich a. thermometer j'asses 
rmd dips into the wat('r. Alter a laps(‘ of tAveIv«' liours, you may In* suin' 
l!i:it tli(' contents of both bottles ])ossess the s.-nm' tcmjx'ratun,'. Now reail 
ell' t lie thei'momet('r, and the height of the iluid bv tlu' scale ; the latter is 
best cilbcted by uu’ans of a ti'h scope, in a hoi’izontal position, movable up 
:ind down on a AU'rtical rod, and six or eieht leel. dis- 
tant. AVciedi the bottle Avith its caoutchouc stojtper 
'111 a siidicii'iitly delicate balance, remoAO' the cork 
ivillidiit AV''tting it, emptv tin* bottle, rinse it, fdl it. 
ivltli distilled Avater t(( slightlv above' the mark at whiidi 
the mineral waU'r stood, (iry th(‘ botth' conn*h'tely, 
have it for a sullicient time near the otlu'r bottle et'u- 
taiiiing the thermonu'tt'f, and tlnm n'liurvi' Avaler from 
the neck till the height corrt‘sponds to tliat ol tin' 
laiiieral Avater jirc'viouslv. Finally, having .sitislieil 
}<>uvs(dl that the ti'injiciaituia' has not .altered, insert 
the eaoiitehouc stojiper and Aveigh. I>ednct the Avcight 
"I the empty dry bottle and cork— -Avhich must be 
•i^certairied noAvilbiot pri'viously dcb'rmincd — from the 

, Avith a long ])crforatcil giound stopper, .vs ilhi3* 

•’ll ed in lig. ^ pycnometer), answers the }>urpose best. big. 104. 
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two wclglits obtained, and you have the necessary data for the calcul ■ 
most accurately given. ^ 


In detault of bottles of tlie above description, the spi'cific f^ravitv 
ninioii narrow-necked bottle^!- e • 


inav 


be det(!riuined by means of coniinoii narrow-necked bottles; in 
fine points made on three narrow sli])s of paper, gummed on J 
supply the place of tlic engraved scahj. 


The several quantities required for the following estimations may I,,, 
determined either by weight or by measure. If they are estinialoi I, 
measure, the small botthi may be us(hI wliich has served for the dctrrinii ■! 
tion of the specitic gravity (by u) ; or any other measuring vessel iiiiy 
be employed. I prefer determining them by weight, as this l)est ciialjl,!; 
the operator to take given quantities in round numhers ol‘ grannnes. 

1. KsTnr.vTio.v of thk total Amount of tiif finkd Inuiu’.diknts, 
Weigh 2tM) — 10(H)* grm. of the mineral water in a flask, or use at (me,, 
the contents of a small bottle, w<‘ighed first with tlu' water and again al'im 
emptying. The latter inetlu.xl must lie adopted, if any d(*])osIt has foriiud ; 
th«j deposit is to be transferreil to tln^ eva|)orating disli by rinsing witli dis- 
tilled water. Mvaporate in a weighed platinum dish, at a teiiipcratuni 
lielow the lioiliug point, adding from time to tiim' fresli quantities ef ■water. 
If the water ahoimds in gas, cover the di.di, at first and alter every (iesli 
addition of wati'r, with a Large waleh-glass. The evaporation may be 
conducted ovea* the Limj). 'fermin.ate it on the water-balli, and dry llie 
residue in the air- or oil-bath, at a trnnjxMaatiircMif 1 <S()', until rcqu'iited 
weighings give the .same residl. ; then note the weiglit.'j' Jh 11 the dish 
again one-iialf with distillml water, and add from time to time a (hoji nf 
dilute sulphuric* acid, until you arc cpiite sure that tlic (plant ity of the aeid 
ailehal is snllicitmt to convert all the salts into sulpliates ; k('('|) the- dish 
covered ‘during tills operation with a large watcdi-glnss ; eva]»orale iimv to 
dryness, ignite; the re-sidm; (§ 1)7, 1), and weigh. The weiglit found siiji- 
plies a good (ariitrol of the analysis (sim* Ixdow). Kesidiies ahoniidiiig in 
carl)onate ol'lime should be treated fir,■^t with hydroeldorie aeid, until it iiu 
longer producim eifervescence, and then evajtorated Avith sul[)hurie aeid. 

2. Dftkumlvation of tiik SuLriumrc Acid. 

If (ddoride <.>f V>arium pnxbices at om^o a marked turbidity In the water 
acidilied with hynlrocldorie. acid, lake; about oOO gnu. of the AvaU'r, mix 
with hydrochloric acid, add chloride of barium, allow tlie mixLnn; to snh 
side for 24 hours, ami tlieii determine the sulphate; ed’ baryta, as direvtol 

§ 1132, I., 1. If the turbidity j)rodueeJ by the chloride ol liariuiu Is oiil) 

• 

• According to tlu* degree of concentration of the water. . 

f The f[u.antity of the clilorido of inagnoMium autfurs in thia operation a .slight emm- 
nation of weight, as a sinall portion of it eloconiposes with the water into hyeirochwic 
aead, which escapes, anel magnesia, which remains. However, tlie error arising hi 
this is but trilling, anel may mostly bo disregarded, since, for the reasons give;ii in 
2nr>, I., S, tile total amount of the fixed ingredients estimated collectively 
never be exjiected to correiHjiond exactly to the sum total of the several ^"’’'‘'^’'''^'1 ^ 
separately iloteruiined. Still this defect may he corrected as far as 
ova[)orating the water with a weighed quantity of ignited carbonate eif soda b j 
or with a known quantity of sulphato ejf potassa (Tillmaiin, Annal. d. Cum | 
Pharm. 81, 309), In the latter ca.se, the elements of Mg Cl transpose 
2 (K 0, S Cj,), forming K CT and a double sulphate of potassa and inagnesia Jv m J 
+ MgO, SO,. 
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• r] t cvjiporate 1 000 — 2000 ^rm. of tli(! water, witli addition ofli ydroi^iilorie 
1 1 or less, and treat the residual lluid as just now directed. 

iCld, to y? 45 

•' JoiXT Estimation ok tiik Ciilouink, Iooink, and Bijomini;. 

. 50 1000 grin, of tlic water with nitric acid, prc'cipitate with 

Nitrite of silver, and determine the j)reci])itat(; as directed § 141, I., u. 
iV'iters containiag only a sin.'dl pro])urtioii ol’clilorine must lie (•(jncenlrated 
idre the ;id<htion of nitric ;n;id. If this gives rise to the formation oi‘ a , 
[■(ciiiitMte, the latter may he filtered off, or dissolved by nitric acid, before 
In ripitating with solution ol“ nitrate of silver. 

1 Estimation of ttik total Amount ok Limk, tmk Maonksia, the 
tiik Silicic Acid, and the Alkalies. 

Wri'di one of th(‘ bottles § 207, 4, filled at the well with perfectly 
i.pii’ it necessary, fllter(‘(l water, with its contents; p<mr some of the 
wild’ cautiously, and without s])ilbng a drop, into a beaker, and add to the 
wild’ both ill lh(! liottlc and beaker, a slight excess ol‘ hydrochloric acid, 
('nver tlu! holtl(‘ wdth a watch-glass, tin' beaker with a gda.-^s j)late. and 
■i[i]ily a. very gentle lu’at, until the carbonic acid has c'.^cajxjd. Then 
(v;i])nrat('the contents ofboth vessels, in a (tlatinum or porcelain di.di, todry- 
uiul se|)arate the si/icic. (n it/ as direet.«'d ^ 1 10, II., u. To see whether 
his pure, Treat it M’ith hydrolluoric acid and sidjliuric acid, as directed 
|,, .‘loh Should a n'sidiie rmnain, it may consi.<t of* sui])hate of baryta, 
p.issibi}' of titanic acid. In the latter ca.se it di.s.^olvc's, when fii.sed with 
!ii>iilpliat(' of potassa and treated with cold water; in the foi'mer ca.se it 
iviiiains uiidissoha'd. 

IViil the hydrochloric solution with .some nitric acid, and sep.arate any 
srs(jiinKrlfl(' of' ifoii, as well as .any alumina th.at may be pre.sent, as directed 
in G2dL M'lth annnonia. It the pncipit.ate has the color of hydrated sescpii- 
ii\i(l(‘ ef iron, it also contains all the phosphoric acid. After slight tvashing 
i!iss(tlv(* it on the filter in a little hydroehloric acid, wa.sh the tiltin’, i’e[.re- 
cijiitato the solution with ammoida, filter through the same filter, wash, 
iynitc, and M’cigh the precipitate. It consists of sesipfioxiile of’ iron r 
■iluiiiiiia f phosjihoric acid (if these are ])re.sent ), and possibly also traces (•!' 
.dlicic acid ; dissolve it in conccntratcMl h\ droi.diloric acid, and determine 
tlic iron liy wav of control with ju’otochloride of tin (p. Id7), or fu>e 
it Avitli hisnlph.ate of pot.assa, di.'isolve in water, rediict^ the .'-ediition with 
fine, and estiin.nte the iron with jierm.'inganale (]>. llHi, a). In either 
CISC the silicic aeid that may rtnn.'iin behind on solution is to lie dedueted 
li'uiTi the iidii precipitate and added to the silieie aeid. d'ln* ditlerenee 
between the sesipiioxide of iron f'oimd vohunetrieallv, and the weighed 
I'leelpitate —which coii.sists principally of’ sesipiioxide of iron — is of no 
Lillie witli reference to the detm’minat ion of the alumina or of the jihos- 
jiliorie aeid, since tin* anfonnt ol’ these Invo snlistain’es prcM iil in the reda- 
lively 

^luall (piaiitlty ul’ water operated upon would he as a rule loo 

iiiiinite. 

Ill the thud filtered from the iron jirecipilafe, sejiarate and determine ihe 
(inehiding tlie small 4 uantit.y of eopre<’ipilateil .^tidini.-i) and the 
""'ipiosia hy means of ])nre (potash- and soda- fVei>) oxalate ol ammonia 
■‘h'T’ 32. The oxalate of lime is to he freed iVoni ni.’igiiesia by doubh; 
I’Ll ipital inn, and the magnesia is not pi’eeipitated till the ammonia s.alts 
'■‘VO heoii removed. As precipitant for tlu‘ magnesia use phosidiate of 
‘^“'luouia, free from fixed alkalies, in slight excess. 

0 0 
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Finally, after the removal of the pho8i)horic acid hy 21 (and s’ 
t<inconsly of any sul])huric acid), determine the aJkalicn as .1 
(§§ ‘‘^7) Let the analyst sjitisfy himself that tliey arc pure ( * 

second foot-note), and then determine the potiish after 1. ^ 

The above method can be employed generally, because ilic (jnaanf^ ’ 
manganese is so minute, that it does not impair the accuracy of if,. 
luination of the lime and the magnesia, with which bases it isV . ' 
pitated. If its amount were larger, after separating tlu' silici ii'] 
iron, the manganese would have to be precipitated with sulphido oj' . ' 
mo Ilium after 59. before the separation of the lime, vICc could ]»' 
ceodeil with. ' 

It is often [^referred to determine only the lime and luagnosii (i- 
directed 32 ) hi the fluid filtered from the sesquioxidi; of iioi^ 
estimate the alkalies in a separate jiortion of the wat(!r. For this pin jH,,,, 
about 500 — -lOOO gi-m. of the wuiter ai’e boiled with pure milk ol linn' 
best in a silver dish, then liltered, the filtrate is e()n(;entratcd, the limo pm" 
eipitated by carbonate and a little oxalate of' ammonia, filtered oj]' tli,. 
filtrate evaporated in a weighed platinum dish, gently ignited (to nmovn 
ammonia), treated with water, ammonia and carbonate ol’ anniioiiia nddo] 
allowc'd to stand f(»r some time, filtered from the ])r(H*)[)itat('— ovldcli 
always forms and contains the rest of the lime and magnesia— into a 
welglied platinum dish, and tlie alkalies are deti'rmined as clilorides. ll the 
water eoiitaiiis only a small i>roportion of sulphuric acid, it snfllccs imaa- 
poruting the Iluid coutaining the alkalies, to add, towaials tlie end oftlic jau- 
cess, some chloride' of ammonium; but, if the ])rop()rtion of suljilniric ncid 
])n?sent is large, it is !ieeess;n-y to add at once, befiu’o tlu' addition oi’tlic, 
milk of lime, a (piantity of chloride of })arium eepiivalent to the known 
amount of tiie sulphuric ae.'id. In this process also, proper attention must 
be paid, as regards the (ddorides of the alkali metals, to the remaiks in tlio 
second foot-note on p. 


0. FiSTIMATlON OF TIIK LiMK IN TIIK UOIIJ;i> WaTEU.* 


Tare or wcdgli a tiask liolding af)()ut c. c., transfer to it 100()p:rin. 
of the miiKiral water, and boil for an hour, replacing what eva])oriiti-s Irom 
time to time witli distilled water. When perleetly cool, weigh the flad: 
Avith its contents, subtract the weight of the flask, and you will have 
the Aveight of tlie boil(;d fluid. Phlter through a ilry filt(‘r, Avithoiit wash- 
ijig the ])recipitate, weigh the filtrate, determine the lime it contains hy 


* The old method for determining the lime precipitated and the lime romainiig 
di.ssolved on boiling, wa.s to filter the boiled water, wash the precipitate 
and detennine the lime in preeipitute and filtrate,- this 1 have rcjoetctl in l;o«iM)f 
the method described in the text. It will be readily seen that in bf»tli jwocessis the 
lime in the solution mu.st come out a little too high, and the lime in the |iie(:ipit.'‘>i^'‘ 


litlle too low, from the simple causes Unit the small (piantity of chloride of ainineiiitini 
usually jiresent in saline waters decomposes witli carbonate of lime on boiling. 
that tlie carbonate of lime itself is not entirely insoluble in water. The error 
from the latter source is of course increa.Hed by washing the precipitated carboiiitte 
lime. Urider these circumstances we may, in the case of the process described m 
text, well forego making a correction on account of the fact that the watLi alter 
boiling always contains some carbonate of lime in suspension, since tlic result is 
influenced to any extent worth mentioning. The determination of what portion 
the magnesia is combined with carbonic acid and what portion with hydrochloric 
suljihuiic acid, Ac., can by no means bo accurately made by boiling the water 
estimating the magnosia in precipitate and filtrate ; moreover, were such a ^ 
deUrmination possible it would be superfluous, as the desired result is attained by ‘ 
final calculation of the analysis. 
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y reel pi tuition with oxalate of amnymia ( 32 ), and calculate the whole 
of the lime remaining dissolved in the boiled water as tbllows : — 
weight of the filtrate : the weight of tlic whole alter cooling ; : the 


li„„ yielded by the filtrate ; , , , , , 

If ibis determination is twice performed, the numbers ol)tained w^lll be 
orfectly uniform. These, however, will lie sliglitly too high, on account of 
[liJ solubility of carbonate of lime in water — a fault wliicli can hardly be 
.^voided It would be possible to make a correction for this, but tliis could 
jiotbedone with much safety, as the varying ]>roportions of soluble salts 
ivould exercise a considerable but varying inllueiice on the solubility of 
c'lrbonate of lime, which could not be easily taken into account. 

(] Estimation of the total Amount of CAimoxic Acid. 

The flasks previously {ireparcd at tlie spring (§ 208, 7), serve for this 
purpose. These are first weighed, and tluai — if only a .short time has 
intervened bctwcim the filling and tlie analysis — heated for some time in a 
AViiter-bath (p. 295). Filter the clear fluid, witliout disturbing the jtc- 
cipitatc, tbrungb a small [daited filter,* throw' the filter, without w'ashing, 
into the flask containing the precipitate and the rest of the fluid, then 
(Icterniine the carbonic acid after § 189, II., e (j). 300). If much carbonic 
acid is present, esjK'cially w'hcn many esf imation.s have to he made, 1 should 
recommend the collection of the carbonic acid in a W’eighed (Ieisslei:\s 
potash bulbs (fig. 122, ]). 177), and a soda-lime tube placed liebind the 
same. The ])Otash bulbs are refilled for every alternate opeiation, aiiil 
the frequent filling of the .soda-lime tube is tlius avoided. The results 
have nothing to be desired (Kxpt. No. 98). If the 
original minei'iil water lias lieen measured, you must 
jiiultiply the c. c. by the .s}). gr. to obtain the widght 
of water corre.sjioiidiiig to the carlionic .acid found. 

In determining the carlionic acid in mineral wuaters 
contained in bottles, a loss of the g.as w'ouUl lie un- 
avoidable on removing tlua cork, if the waiter wx're 
.suporsiiturated wdtli carl)onic acid. In such c.a.s('s it 
is iieci'ssary to cstinuita' first the carbonic acid, which 
oscapc.s when the pressure of the cork is removed, 
and then that wdiicli remains in solution in the waiter. 

Nuni(.'rous devices have been j)roposed lor boring the 
yrk.s without loss of gaj#; the sim])lest is tliat i>f 
Fa. HocnLi:r)i;i:,f illustrated in fig. Kho. a is a cork- 
Wer provided below' witli a lateral opening h, and 
above with a ])erforated cork, and tulie c tilting ;nr- 
^i-dit. The borer Ixnng inserted as rej>re.scnti'»l — by' 
fni.s operution, no air oitber cnt(*rs or c.scape's — c is 
conneeted with tin* appa'ratus for drydng and col- 
vUing carbonic acid described ji. .‘>1)0, c, by means of 
^ *'-';ible tube, jirovided with a .screw’ clip, and tlie 
turned slowly dowrnvards. As soon as /igc'tsfree, 
die carbonic acid begins to issue from the bottle, 
stieam is to be regulated by the cli]>. When 
evolution of gas cea.ses, remove the bottle and 

possess a strongly alkaline reaction, and remain clear on ad'iition 

chloride of calcium. 

t Zeitschrift f. analyt. Chciu. 1. 20. 
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draw air iVoc'd from rarbonif aoid tliroii^li tlio sy^jIrMu of lul,,,^ r|,j 
iiioroasi' of w('iglil in tlio ;d)sor])tioii apitaralus <;Ivos llio carLonic i,,.;,] i 
l)y the Avator on tlio roinoval of the prossnro. Inmu'diatoly alter tlio 
liaj< 1)0011 disoonnootod Iroin tlio apparatus, draw water out ofit wl;]). 
syplioii, and dotorinino tlio carbonic acid in tlio Avator alter p. 21 ) 4 ^ j]_ 


7. Estimation of the Lithia, Eauyta, Stuontia, Au Mixy 

OXIDE OF MaNOANESE, PllOTOXlDE OF TllOX (CONTUOI.), AND PllOS|-|lui:ic 

Wo use for tliis pur|)oso tlio wei^bod contents oftlu' tliroo larLU' Kotil,., 
Avitli the evaporation of wliicli avo coninioiu'od our operations (sc' § 2(r,) 
tlio bo”:inninti). After tlio lltiid is evaporated and tlu; mass 
dried at iDtt — 111)-’, tri'at tlio residue, in order to sojiarate silicic acid, 
(])reci[)ltat(; 1 .), with liydrocldoric acid and Avater, boil the soliiticmviili 
nitric a^id, add aninionia, boil till the excess ol ainnioma has isciijiid, 
lilter, Avash i-li.uhtly, dissolve on the lilter with h ydrocldorii- acid, 
cipitatc in the same inanmi* Avith aininonia, and lllt(‘r olf jna cijilliiii H,^ 
A\ hich contains scsiprioxido of iron, Ac. Digest the iinilc'tl fihiiii( ^ 
nearly filled and closed Mask with sulphide of aininoiiiuiii in a sl'Juiv 
Avarin j)laee lor 1 ? 1 hours, then lilter oil jirecijulale 111 , lliis ceiisi-o 
]irinci|)all V ol' sulphide of man, uanese ; it. is to he washed witli Avatcr (cii- 
tainin,u: sulphlile of aniinoninm. Jh'ccipilato the filtrate with cai'lMii,;aij 
<»f ammonia ami ammonia, alhov to stand 21 hours, and tlicn lilicr nil 
precipitate I\'., Avhieh consists for tin- most part of carl)oiiate of linn, and 
is to he wa.'hed with water containin;j- anunonia, Evajiorate tlic lillrati in 
a porcelain dish to drynes.s, pn.jeet the residue, little Iw lilt le, into a ml 
hi.)t jdalinnin dish, drive olf the anunonia salts, nioistmi the residue willi 
hvdroehloric acid, di.-.solve it in wator, and hidl, with addition of inirc iiii!k 
of lime to stroll, Lilv alkaline rcai’tion. J'ilter oil jireeipilate \ \\liirli i.' 
eompo.spd of magnesia and the excess oj linn', wash it, prccijtilalc tlic 
filtrate with carhonate of ammonia, and ammonia, and, after loii,i: slaiidii.i:. 
lilrer oil' pn-cipilale I., whieh is to he Avasheil Avith water coiitaininn 
ammonia. E\aporate tin* filtrate to dryne.ss, ipidte peiitly, to rcnitni.; 
amineinia salts, moisten with hjalroiddorie acid,'' extract with a nnAiai'' 
of alisolute alc.diol and ether, i*vaporale tin* liltrati*, lake niillie iv.muis 
A vith wafer, and tlieii te.st the moderately coin'ent rated solnlioii m’ci 
ammonia and carhonate of ammonia, d'he mixt.iire slnmld reinain pti 
feetly (dt'ar ; hut, if’ it does not, the trac<‘S of lime and niapioia iinDt 
j-eiiio\od hy a rejielition (»f the aho\c operaPioii. I',\ ajiorale ypain tu 
(!r\ ne.-s, add a drop of hydroehlorii* acid, lake the residue uji with \du(] 
and determine the liihia after sj 100 as plmsphate. 

1 .-liali now j.roceed to de.s'crihe the treatment to which the precij'Hal^' 
1, to \\. are to he .suhjected. . 

rr(xij>i((if>' 1- consists prineij»ally of sihndc a(;id. It '“'hV 
.sulphates ofliaryta and .<trontia. Treat it in a jilatinum dish "*'1* '‘- 'I' 
iluoric a<-id and a little snljdmric. acid, evaporate to dryness, and, i 
sary, repe at this operation. Should a residue* remain, lus(* it wit ' 
.piantity of carbonate of .soda, treat witli water, filte r, ''‘I’"’*; . 
h velrochlen ie- aciel, and precipitate tin* seilntion with siiljihuiie acie . ^ 
the pri'cipitate has settleel lilti*r it freiin .sedution e^ and wash. 
tube of the* fnnne*k ainl fill tlie latt(*r willi .seilut i.eii of.*arl)onate of aiiij 
allow tei slainl 12 hours, oiie n the- funm-1 tube, wash the residue fim 

» Even wlitn ipnited gently, chloride of lithium becomc.s basic (p. 
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tliori witli Iiydrodiloric :w’u\ (solution 4), finnlly nn:iiu wltli Avatrr 
.„„1 llieii weigh the })ure residunl sulj)]i;ite of Itxn/ta. yiix tlio iiijitpi 
a Mil.] /v AviUi cMrlH.nato of MniuKHiia and ammonia,, allow to stand 
,„„ietiiiie; if a jireeijiitate forms (wliieli may contain carbonate ofstroiilia) 
it off, dry, and add to {)rom'j)itate IV. ' ^ 

l\rcipi(>(fe IF. consists j.rincipally of ses(|nioxide of iron; it coniains 
,yo tlio alumina, and, provi.le.l there is enoiigli iron, the wlmh* o/thc 
boric acid. Dissolve in liydrochloric a<dd, add pure tartain- acid 
,„„lthtmaimnonia. Having fully eonvineed yourself that no j.re. Ipitni,* 
isjbrmed, j.reeipitate the iron with snijdiide of ammonium in a small flask 
^vhirii must 1)0 nearly tilled and close.l, allow to stand till the fluid apjx ars 
, 4 'a|,uro yellow color, filter, wash with water containing sul])!.id(. of ammo- 
„ia„uati(i determine tlu‘ iron after § 1 Id, 2. To the filtrate add a little i.iire 
cirboiiate of soda and pure nitrate of potassa, evajiorate to <lryness and 
,.nin till the residue is white. Add water and hvdrochloric acid, till the 
uliulc is dissolved,* an.l ])reeipita1e tlie clear iiu'id with ammonia, ff a 
],!V('i[)it,iite forms (alumina or jihosphate of alumina, ora mixture of l)otli) 
liitcr it oir, and weigh. .Mix the filtrate with a little sulj>hate of ma-nesia’ 

It another ].rccipitatn lijrms, this time (smsisiing of -.mmiomo-phosJottr of 
magiosia (which is to lie determined after § Id f, f, the alumina ])re- 
cipilate may he calculated as j)lin<ploif(' ol'dhnninn (A1 (),. JM) ) If on 
rlie contrary, no preci].itate is fbruie.l, the phosphoric ;udd'\uust'he deter- 
iiiiii.Hl 111 the alumina preidpitate as direeted § Idl, I /> A I will In-rc 
a.iin .ihserve, that the alninina can .mly lie eonsi.h-red as h<do.mimr to the 
iniiicral water, if the evaporation, has l.een elh-eUMl in i.iatinum or 
Mha.;r vessels. 

I’m:,)nl„le ni. consists principally of siilplii.lo of inan-ancsc. It may 
P'N Ciaam p-aecs ul sulplmlcs ol' nickel, col.alt., ainl zinc, carl.onalc .if 
June. Ac. I nmt with modm-atidy dilute aeetie aeid, heat tin' liltrate, to re- 
>'‘"vcafiy carhonic aeid, add ammonia, inarij.itate with sulphide of ammo- 
iTinn^n"^ ^ hours, and determine the inunifitio^re as protosul])hide 

A •! 11 any residue was left insolulile in aeetic acid, test it tor tiie 

■“|''V.Hnentio„ed metals, ddie Ilui.l liltered from the pure sulpliide of 
ji'i'ir'iiicM' i.s, to be mixi'd with earhonale of ammonia. If a iireciiiiiate 
™ It IS to In; treated witli jirecipitate I\'. 

.ovn/e/os / I . j . \ j miijj.,} mass oj“ tiu'se preeijiitates, tooetlier 

III poitions of alkaline earthy carlionates olilained during the 

till' u'r'l l# «tnd ill. contain tJie whole of the strontia and 
s.liitiir^*’ ^ >‘‘iTta whieh origimdly ])assed into tlie hydr.)ehloric aeid 
,^mte the dried precipitate (if neeess;iry in portions), in a platimini 
^ iiio.^t mt(;n.sely over tiie gas blowjiipe. liy this means any ear- 

nuytaaml strontia are converted into (he caustic stale, and a 
b,,. carbonaU' of lime into lime (MNuia.u \('itj‘ ). lioil 

<i tmiesMvith small jiortinn.s t)f water, pmiring off llic solu- 
ueuti'alize tlie solution with liN’droeldorie acid, evapo- 
and test a minute j.ortiou with* the spi-etro.'^eope-.-this 
‘'H'o pr('.s!'"r"^'* afterwards added to the rest. \i' slronti>i and Ifme ah»iie 
fliccarr*^ ’ the solution witli oarlnmate of ammonia, convert 

fires,,, a into iiilnitc.s, and separate according to 34. If l,arvLi is 

) >^Cj’'iLile the three alkaline earths after 26 * 

wiUMlv .M^' the rcsi.lue, whii-li contains nitric acid, cannot bo 

ydiocliloru; acid in a platinum di.sh. 

t ZciUchriit L analyi. Clicin. 1, -174. 
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H. Determination of Iodine and Bromine, and of the CoxsTirrir' 

PRESENT in the MOST MINUTE QUANTITY. ‘ 

To clctcriuinc the iodine and bromine it is most judicious to uso tl,p 
entire carboyiul. Add pure carbonate of soda to alkaline reaction, iftlii 
sidt is not already present in the water,* and evaporate in a l)i i(.],t irQu 
over a strong fire very nearly to dryness. Kemove the mass as far as 
siblc with an iron knife, .softim the rc.st with water, and dry it iiiapor 
colain dish. Powuler the residues together and heat riipeatedly with s|iint 
(d“‘.M) ])er cent., till you are assured that all iodide and bromide has pa.^sol 
into solution. Distil the alcoholic filtrate se[)arated from residin' A wlfi 
addition of two dro])S of pure pokisli lie in a flask placed in a water-hatli 
to dryness, boil the mass several times with absolute alcohol, di.stil the 
tiltr.ate sej)arated from residue li with addition ol’a dro[) of pure potash lie 
again to dryness, and heat the residue very gentlyj’ in the rcLort, till the 
orgatnc matter is destroyed. Now treat with water, (liter, and jiroeoeil 
with the solution ]»referably according to 254 - ^^'his method is iiut only 
adapt(;d (’or the discovery, but also the estimation and separation uf the 
iodine, in such manner that the liromine can also be determined. 

Since traces of substances m;iy have passed into the alcoholic soliitinn, 
whicli have to be sought for in the residue*, ju’oce'ed as follows: — Albr 
precipitating the bromine, fn'e the filtrate from excess ol silver liy hvilro- 
chloric acid, render tin: solution alkaline with carbonate of soda, cvaponitc 
to dryness, mix this small residue unii’ormly with the large one A :ind also 
with B, and use the mixtun* for the determination of the coiistitucnts 
in-esent in extremely minute junount (viz., oxide of cicsium, oxide of 
rubidium, oxide ot' thallium, oxiih's of other heavy metals, boracic acid, 
fluorine, Ac.) {»rovided the «pialiUitive analysis has shown any ol tliisc 
bodii.'s to be pre.^eiit in welghable (piantity. As I'egai’ds the CLcsiiiiu, rubi- 
dium, and thallium, an ex.act (h*termination will .scarcely be ptissil.dc, it no 
more than one carboyiul be evaporated. The thallium tails down asplatiinini 
.salt with the pl.atinum sjilts ol’ jiotassium, ciesium, and rubidiiiiii. flie 
j)latinum pre(*ipitate .shoidd be thrown down Irom a concentrated solutiim, 
and it will then l)e finely dividtul. It is boiled f» or S times with small 
(piantities of water, the resi<lue is ignite<l in a stream of hydrogen, :iiid 
then tested for ca*siuni, rubidium, and thallium. | 

Estimation of the Ammonia. 

To efl'ect the estimation of the ammonia J usually em])loy the lollu^\ln,lt 
method : — , . 

Evaporate to a .small bulk with the greatest e.are about 2(MHI gran <'( tn 
mineral water, with addition of a .small measured amount ol dilute hyuo 

* Tlic presenco of carbouato of soda provctiis the pos.siyility of any vol.atiliz-itbn of 
hydriodic and liydrobrotnic acids from the iodide and hroiniile of magiie.siuni. ^ 

t I nU nse ignition may occasion considcrahle loss of iodine, in t "reml. 

decom[)o.sing action of chlorides on iodide of potassium. LJhaldini {( eni[' . 

4t<, iiud ; dourn. f, prakt. Chem. 84, Itll). i i o ev;ii>o- 

I K. ihittger has in this manner found thallium in the salts obtained by 
ration of the Nauheim mother liipiors. By e.xtraeting the saline nuiss 
pel cent,, and [irecipilating the solution with a deficiency of hichlurnle of 
preeipiUitc is obtained which consists of the platinum salt of 
ca sium and rubidium, whilst the Hul)sef[ueritly prepared aqueous extract o ‘ 
iiiasM, treated in the same manner, yields platinum salt of [)otassium 
lium (begliiekwiinschungssohrift des Frankf. physik. Veroins zur Jubellewm'' 
dcrtjahrigeii ilestehens der (Senkenberg’aehen fStiftung, 1868). 
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hloric acid, in a tubulated retort. Add to this, tlirougli a funnel-tiilx', a 
(>,jmired quantity of Ireslily-prepared solution of soda, put the iieck oi'the 
Ttoi’t a little upwards, and keep the contents boiling until the fluid is 
entirely evaporated. Conduct the whole of the v.apors esc,a])ing 
a Likbio’s condenser, and receive the distillate in a tulnilated 
rcceiu'r containing a little water acidified with a small measured quantity 
(,f hytlrocliloric acid, the tnbulure of which is connected with a Ll-tube 
('otitaining some water. The chloride of ammonium contaim'd in the 
i,(vivers is then converted into jflatinum salt l)y evaporation with a mea- 
sured quantity of bichloride of platinum (§ 1)0, 2). Make now a counter- 
f-xperinieiit with the SJime quantities of hydrochloric acid, bichloride of 
nlatinum, and spirit, Ac., and deduct the small amount of ainmonio- 
lioliloride of platinum obtained in this, from that found in the first experi- 
the dilference expresses with great exactness the quantity pro- 
cocHling from the analysed water. , 

Instead of this method, you may also emydoy the more simple j)roc(*ss 
uliidi B()USSiN(JAi’i/r* has proposed and employed with the most satisfactory 
results. It is conducted as follows : — 
boil, in a distilling apyiaratus, about 10 litres of the water, until about 
: have! passed over. In the analysis of saline springs, you must add some 
dilution of soda or milk of lime to insure the ammonia passing over. 
Ti’aiisfcr the distillate to a flask conneetcid with a Likbiu's condenser, and 
(listd J over. Determine the ammonia i)i this distillate l)y adding 5 or 
10 c. c. of very dilute sulphuric acid, and s;iturating the excess of the 
liitter hy a solution of soda, ol' wliich 5 c. c. nentralize 1 c. c. of tlie sul- 
jiliiiric acid (comp. § 1)1), o). Let another J distil over, and determine tlie 
aiiiinuiiia in tliis (if any is still [)r(‘.sent) in the sjune way. But the first 
portion usually contaius tlie whole oi'the ammonia. 


10. Di'Tiujmination of Till' Nrnuc .Void. 

Evaporate a rather large quantity of the water Avith an excess of ]»urc 
Cfirhonate ol’ soda, tilter olf the jn-ecipiUite formed, wash, evaporate the solu- 
tion to dryness, mix the residue unit’ormlv, weigh, and determiuo in weiglied 
portions of it the nitric aeid, after § I ID, </, /3, (p. or e (]>. o Ls). 

file latter metliod is jireferablc in the presence of organic matter. 


11. Di’.tix'tion and Estimation ok tiik Ckknic and Afocrenic Acit>s. 

boil a, rather large (piantity^ of the precipitate formed ujiou the evajiora- 
tioii of ilu^ water, about I hour, with solution of potJis.'si ; filter, acidity 
die riltrate Avith acetic aciil, add ammonia, and, atVer 12 hours, filter off 
die precipitate of silicic acid and alumina, which usually forms. Add to 
^ le tiltrate acetic aeid to acid reaction, then neutral acetate of copper. If 
dro’wiiish precipitate forms, tlii.s consists of a|>oerenate of copper (whieli, 
'|eu)nliug to Mdeder, contains variahle quant ities of ammonia ; dried at 
1* it gave Li-H per cent, of oxide of copper). Mix tlie fluid filtered from 
le precipitate with carbonate of ammonia, until the green color is 
|^i‘iiige(] to blue; tlicn apjily a gentle heat. If a Iduish-green ]ire<‘iyiitato 
this is erenato of copper, which, dried at I U)'^, contains 74T2 jier 
of oxide of copper (Mulder).! 


f p ^ * C'ompt. rend. 3th 814 ; riiarra. Ccntralbl.att, 1853, 369. 
reffir detailed information on the suliject of crenic aeid and apocrenic acid, 1 

0 Mulder (Joum. f. prakt. Chein. 32, 321 i Chem. Gaz., 3, 1), 
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I*?. Dr.Tf-rTiox ano Estimation of other Non-voeatili: ()|;,;^y,. 

INI A ITERS. 

Almost :ill miiHM-al waters eontaiii such matters, even thoogli onlv 
vorv small proportions. iMaiiy of them are of a re.suious natiiiL', in 
case tliev l>a.ss into the alcoholic solution ot the residtii! ul tho iniiKi;,! 
watm- ; Irom this solution they separate uj)on distillalion, with aildiiimn,, 
some water in the last .stage of the proc(;ss. If lavseiit, they ,n;,v 1,„ 
if'termimHl, on the oia-asion of the e.T.imatiou of tlu; lodmo and 
(S) * Another class of organic matters do not, ilissolvi; in aloiln,!, 

Imt are obtained in solution, if the residue of the mineral water i,. l.oll,,! 
with water. If it is wislu'd to ascertain the wedght of these dp-ai,;,, 
matters, which arc; usually, for want of a more accurat(‘ kiinulcb, „|' 
their nature, calhsl exlracrive matts-rs, the aqueous extract of ilic nsliln,, 
of the mineral water, exhausted by alcolnd, is (waporated with earhnnat, 
of .soda to drym's.s, tin' re>sidue boiled with water, tin' solution lilteroUli. 
lilrVale evap.wated to dryne.ss, and the residue dried at 1 Kb, until iisnllVi. 
no further diminution oV weight. It is then gently igmt-'d imlil the hlad; 
color which it at lirsi ac.piires has disappeared. The dithTcms- l.Mwo,, 
th.' woight of llie dried ami that of the ignites! resnlii.' iinb.-ates lli.oiiiH.iiiii 
ot'the (‘Xtraetive matter— but not with mueli anuiraey. Small .lUMniiiio 
of or-anie matters are oceasionally still left in the residiUM.i the iniiuii 
water after exhausting with al.-ohoj ami with water, 11 it were atm, nj, 1.4 
to determine these Irmn the loss weight incurred Im igmtmg the 
previously dried at 11(»S a very inaccurate result wouhl b,> arriN e,l at. 
under these eirciim.stanees, carbonate of nmgncsia lo.ses its carhuiiic acA 
to say nothing of other smirces ol error. 

i;;. Di.TEerioN AND Estimation of Voi..\tiij; OimANic Arms. 

S,nri;i,i:t emi.l. in liis nnniysis nl' llm inincnil .«|,riiin nf m 

Bnvjirin! nO, l.iitvi-i.- n,'i,l, |,n,|, ionic nci,l, acclic iicnl, nn, I, .nine my 
snlm1nn.-cs wl.i.-l.'l.a,, .n,l l„■l;n■c i.een nl.scrvcl in inincnl g ' 

alter, I tils,, i;,nn,l linens uf llm sain,, ticnls in llic snl,.linr sin in" >'t 
ir il is inlcn,.l,'.l t„ cNaininc a mineral wat.m im' Ipse .^n 
water miisl l,e nse.l ,,nite iVesli, sim-e otlierwise the i"'" p'." 'I 
mieht l,e i.rnilneeil l.y ,l,.<-nnii,n.silmn siiliscineiil to enhm'i" • 
liillowino is Si iiiaiim'.s |,roei'ss |,,r ,ll•terniinine these aenls.- i;i, . l|,, 

I’.vanorale a rather laree ,|nantily ot ih,' mineral wan r, an, 
tliiiil I'njin llm |>r,-ei|,ilale lormeci ; il th,, water eonlains im ,i 
,.arl„,nat,', tnhl ,nrl, unale nl'soila to alkaline react mil, l,elore |,io' 
evanorale. A.mlily llie comamtrale.l iimtlier-liiinor .anlionslj s ^ 
nlinrie aei,l, ami preeijiilale tli,' chhn'ine hy .sni|,luite ol si . ij^„l 

• to have rather a Irae.* of ehlorine than nl' silver m cNeess, 
llio filirate until the llnid |,assln}' ov.'f nn Imievr slums 
saturate the .listillate with htirym tvater, renmve any exe.ss ^ .j 

earlmnie aei.l, hoil, lilter, evaiiorati. to iliyimss • ^ 

dish, dry. at 1 01 0 and weioli thn "'“''''''"g''’"''’' P mriii 

ornmie a, -ids in eoml.inatinn with liaryta. hxtraet t in ns 

sinrit of wine, wltich leaves the |•ormialo nl' baryta tmdissnlre . 

• r may hnwever remark, that this .letenninati™ is ""'y 
.,„|.l„y,.,l is .|..iU. |.uro. an,l wlmn you are sure that no organic matte, 


tilkfii lip fitjin cork.s or cjioutchouc Bloppem. 

■f Aiiiiid. d. C'hciu. u. IMuiriu. 


^ Journ. f. prakt. Chom. 
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■ n- 'iiul weif’liiiig tlic latter, tent it with solution of nitrate of silver 
chloride of mercury.* Evaporate the alcoholic solution ol' the 
*']*ier harvta compounds at a gcnth; heat, dissolve thc^ larger j)ortion of the 
' 'i liic ill u copious amount of wat(‘r, and preci|)itate the baryta from the 
'elution by sulphate of silver, Avith proj)er caution. Let the (Inid filtered 
from dm precijiitate evaporate under the desiccator. As .soon as a sidlieient 
,pty of silver .salt has crystallized, remove the crystals irom the Iluid, 
*lrv over siilphurifj acid, and employ the -dry s;dt for the determination of 
111,’, ( (piivaleiit. Finally allow the rest of the Iluid to eva[)or.ate over sul- 
nhiiric. acid, press the .salt laetwiam sheets of blotting paper, dry over 
pulpliuric acid, and analyse the salt. 

hv way of control, (hitermimi, by means of sulphurii* acid, the l)arvta 
ill aliodier portion of the residue left upon the evajioration ol'tlie alcoholic, 
soliitioti of the baryta .salts. In this ])ro(a‘ss the peculiar odor of the volat ile 
till rv acids (propionie, Imlyrie, Ae.) may he reeogni.sed. If the Iluid is 
siiliiciciitly eoneoiitratiHl, and lias IxM.m allowcal to stand at rest for some 
time, tlic'mieroscope will occasionally show minute fatty drops lloatiiig on 
the surliice. 

I t. bx.'VMINATION OF Till: (IaSFS. 


§ 210 . 


To examine the gases collected at tln^ spring, and brought to tin; 
lahoratory in se.'dcsl tube.s — whether tiny were, expelhsl from the wati-r hv 
hoilliig (§ *20(S, 10, u, or A), or whether they were spontaneously di.sengaged 
tioiii dm .spi’ing (§ 208, 11) — ])roeeed as lollows : — Take a graduated tube 
ol tlie ronii (htsei'Ibed ]). 21, ami illustr.ated . in fig. 6, moistioi the inside 
Avitli a drop ofAvatcr, and tlnm fill with nu'reury,f immers<‘ the tube con- 
taining the gas ill the meriuirial trough, break off the jmint , and, by giving 
tin! projK'i' inclination, cause tlie g.as to aseeiid into the gradiiatjfid tube, 
koad off the volnnn; of tlu! gas, noting tin* temperaturi' and atmospheric 
jncssiiro ; then iiitrodueii into the gas, by means ol a platinum Avire, on 
tvliioli it is cast, a hall of hydrate of potassi moisteiusl Avith water. | Take 
oart! ii(3t to allow tin! other end ol“ tln_‘ wire to je-oject above tlie snrl'ace of 
tilt: iimrcury, otherwisi' a. diffusion of tlie confined gas with the atmospherii' 
air will take jdace along the Avinn AVlien tlie volume of the gas shows no 
liirtlmr diiiiiimtiun, replace tlie moist potash hall ly another, and filially, 
will'll absorption has ceased, rejilaee tlie second moist bail ly a dr)’ one, 
imvf his also after an hour, ami then read ofl tlu' Aolnme of the gas. 
a- absorlx'd eonsi.sts of earhonie acid, and, in eases wliime snlpbu- 
ydrogen is jire.sent, also of the latter gas, Avliieli, lioAvever, has 
lieeii deterinined ; .still, the .sulpliide of potassium in the potassa 
liall^ y he estimated as directed }>. Tib, />, u. 

Tli(? gaseous residiu; eonsi.sts usnally only «»f oxygen and nitrogen, in 
"|iich case it may be examined as directed in the cha}>ter on tlie Analysis 
Atm().sp]i(.ri(; Air (§ 27G). if there is reason to su.spect the pre.senec of 

that the fonniate of baryta m.ay contain nitrate of 


liaiyt remind the operator. 


^ t See ]>. 483, foot note. 

-h Winch, besides the water of hy«lration, contains also water of crystallization, ikilk 
j kind are made by pouring fused crystallized hydrate of potassa into ;v bnllet- 
of about six nnn. inner diameter, into Avhieli a i)l:it.inuin wire is in.serU'd, with 
W'C m^‘*^^bii>g into the middle. After cooling, the ball is tound attached to ibw 
Iho neck which haa formed on the wire may bo removed with a kuifo. 
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[§ 210 , 

marsh gaa, the oxygen is removed next. This is oiToctod most convei ’ . i 
with the aid of a ball of papier-mache fixed on the end of a platiiiuin v' f 
and moistened with a concentrated alkaline solution of ’ 

potiissa; after some time, this is to bo replaced, if rcrpiired, lij 
ball. After this operation, the gas is dried by a ball ot’ hydrate of a 
(Bunskn). The compo.sition of the gaseous residue, wliich gdnonll 
consists either of nitrogen alone, or of nitrogen plus marsh gas, is 110^ 
ascertained by transferring it, wholly or partially, to a eudiometer (|, •)[ 

fig. 2), mixing with 8 — 12 vols. of air and 2 vols. of oxygen to 

against tlie formation of' nitric acid — and trying to ex[)lode the frascunj^ 
mixture. Should this fail, electrolytic detonating gas is added til] tlio 
limit of combustibility is reached, the carbonic acid generated is nsnlisorlicd 
the marsh gas calculated from this, and the nitrogen found by tin* diirereiico' 
For the detiiils of the process, I refer to Bunsen’s “ (lasometry,'’ a tvoik 
which ought to be in the hands of every one engaged in the analy.sis of 
gases. 

To ascertain whether the gaseous residue left- after tlic absorption of iIk] 
carbonic acid and the oxygen, contains carl>uretted hydrogen, and also to 
determine it, I have often successfully employed the following Jiiotlioil: 
liLsert one limb of a narrow U-tube into the cylinder containiim the 
gaseous residue, which is confiiu'd over water; connect the other limb 
with a piece of India-rubber tubing, closed by ;i cli]). Arrange now tlic 
following apparatus : — 

Pour some solution of potas.sji into a small If -tube, connect the outer 
limb of this with a little tube lK*nt at a right angle, which bears a siiiiill 
piece of fndia-ruliber tubing cl<>sed by a screw clip, (foniiect the otlicr 
limb with a second small U-tube, filled with S(jda-linie, and this again with 
a thill [)iece of eomlmstion tulie, 2ft cm. long, filled in the middle with a 
rather close-packed layer, aliout 8 cm. long, of lino copper turnings stroii^dy 
oxidized* by ignition in oxygen ga.s. Connect tlie otlier cud of the coiii- 
bii.^tion tube with a soniewdiat larger U-tuhe, containing haryta water, and 
this again with a potnsh tube; connect tlie latter finally with an aspirator. 
Open tlic cock of the latter, and ob.serve wlndhcir the joinings arc air- 
tight; heat the copper turnings, hy mi'ans of two gas lamps, to igniti"'!) 
ojien the screw clip cautiously, and let a slow (mrrent of air pass throndi 
the apparatus for five minute.s. This should not impart the least tur- 
bidity to the baryUi water; if the baryUi water is remlered turbid, nphiCiJ 
it by a fresh jiortiou, after the fir.st ignition, and repeat the exinri- 
rneiit. If the haryta water remains clear, eonneet, by means ol a 
small glass tube, the India-rubber tube which is elo.sed l>y a plain ohp) 
with tliat provided with a serew-clij). As the former, which closes tlio 
U-tijl)e leading into the cylinder, rem.ains closed, no nior(‘ air hiihbicscan 
jiass tlirougb the apjtaratus. Open now the cli}» a little, and allow the gis 
of tlie cylinder to enter very slowly. The ipianlity of gas is gcncnid) 
so small that it remains entirely in the first U-tulie. Wlieii all the gis 
is drawn in, allow also some water to enter, and close tlu; cli]) only 
the water just iiiakcH its appearance in the little glass tube behind it. 
elo.se the screw clip, di.sconncct the India-rubber tube with the })laiii ilip) 
and, ojieriing the screw clip a little, allow a very slow current oi an 
pa.ss for a sufticieut length of time over the red-hot oxide of coj>[)er. 
curnmt of air carries with it the ga.s which has previously entered; d 
couUiins carhuretted hydrogen, the haryta water is rendered turbid, owuIq 
to the formation of carbonate of baryUi. If the turbidity is suflicit'id ) 
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■irkeil, tlic quantity of the carbonate of baryta may be determined, and 
the amount of marsh gas calculated 'from the result. 


Modifications required ry the Presence of a fixed Alkaline 
Carbonate. 


§ 211 . 

I. A mineral water containing an alkaline carbonate, cannot contain 
utiliifde salts of lime and magnesia; all tlie lime and magnesia found in it 
must, therelbre, be regarded as carbonates dissolved by tlic agcaiey of free 
c;irl)Oiiic acid, even though tlie whole of the magnesia does not precijiitate 
ii|) 0 u boiling the water. The sejiarate determination of the lime in the 
boiled water is therelbre dispensed witli. For the rest, the determina- 
tions may be ellccted as in § 20U. In a separate estimation ol'the alkalies 
(after p. 5G2), always acidity the water and remove the carbonic acid by 
lioat, before adding the chloride of barium, if necessary, and boiling with 
milk of lime. 

II. In the analysis of a water so highly dilute that a preliminary concen- 
triition is required, before the estimation of the chlorine and the suljdmric 
acid can be elf'ected, I recommend the following method : — 


1. Estimation of the C'hlorine, Protoxide of Iron, (Protoxide of 
Mangane.se), Lime, and Maonksia. 


Transfer the wat(!r of several weighed bottles (together about JlOOO grm.) 
toil porcelain dish ; rinse the bottles, and add the rinsings to the water in 
the dish. A precipitate of ses(piioxide of iron may have Ibrnied in the 
bottles; it is a matter of indiHercnce whether tlu; rinsing removes this 
('onijil(;t(dy or not. Evaporate the water to ! ; pass the concentrated tinid 
through a filter thoroughly wasinul with some nitric acid and water, and 
'.veil wash the precipitate with boiling water. 

(I. Acidity the jilt ntfe with nitric acid, precij)itate with nitrate of silver, 
liltfT, and determine the cldoride of silver in the usual way. Fiu^e the 
liltiatc troni the excess of silver by means ol* bvdrocldoric acid, eva})orate, 
and then throw dowm, with oxalate of ammonia and phosphate of .soda, the 
Somali quantity of niagnesia which is nev(‘r absent, and traces of lime which 
may ]Jossihly be present. (The precipitates are ignited and weighed with 
the ]iriiieipal quantities.) 

1). Dissolve the jnreipitate, together with the sediment winch may still 
UMiiain in the bottles, in hydrocldoric acid, and treat the solution by tlie 
method given in § 20‘J, 4. 


I- bsTLMATION OF THE SiLlCIC AciD, THE SULEHUKIC Acill, AND THE * 
Alkalies. 


hvaporate the contents of .several weighed liottles in a jiorcelaiu disli ; 
pmir a little hydrocldoric acid into the bottles, to dUsolve the deposit of 
‘'^'Mpnoxide of iron, Ac., wliich may have formed in them, and add the 
I-" 'itiun to the contents of the dish, ( oiilinud to evaporate the now acid 
’*L tor some time longer, then transfer to a platinum dish, and evajiorate 
'^ dryness on the water-bath. Moisten the residue with hydrochloric 
and evaporate again to dryness; moistoii once more with liydrochloric 
‘mij , acid heat, and filter ofl’the silich' acid. 

^^cipitiite the liitrate with chloride of barium, added in tlie least pos- 
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sil>le (‘xcoss, and filter off tlie sKli>1uile of baryta. Evaj)or;ii(j ib,, 
nearly to dryness, dissolve the residife in water, and eiiiitiously add I,' 
milk of lime #itil the tlnid manifests a strongly alkaline ri'action. 
and liltca- ; jireeipitate with aininonia. and carbonate of aniniDiiia, and 111' , 
again ; evaj)orate tin* hltrate to dryiuiss, in a platinum disli, aii(| 
ignit(' th(^ residue nnlil all salts of ammonia art! exptdled. DlssoKi. tj'. 
residue in a litth} water, j)reeipitate again with ammoiua and (‘arlHiii'itc 
ammonia, filter, evaporattn weigh the now pure chlorides ol‘ the eZ/v/Zna, in], 
and sejnarate potassii and soda as dinu tcd § 152. 

The quantity of th(‘ alkaline carbonatt' is (h'termined with pnllri ac- 
curacy in the indinn-t way, in tin; calculation of the I'esults — providid 
always the various analytical proce.s.ses have been carefully eeiidinliil 
Of the direct methods pro])osed, 1 will give the fitllowing: — 

(L Ih)il dOtl — loo grm. of the water lor .some time, filter, and wash ilu‘ 
])roci{)itat(i with hot water. Mix tin* liltiate intimatidy with the wasliinns, 
divide the mixture into two e(pial j)arts, and determiiK' in oiu' iIk' chloiinc 
in the iismd way, after addition of nitric acid. Mix the ether halt wiih 
j)nre hydrochloric acid to distinct acid react ion ; evaporate to dryjiess, aad 
g('ntly ignite the residue; then dissolve in water, filter, and detta'iiiinc tlir 
chlorine tilso in this solution. It is evident that you will obtain in tlii,< 
.second operation rnttn* chlorim* than in the first : ea( h 1 eip eliieriiii' li\ 
Avhich th(! result, of the second oper.alion exeeeils that of the llr.<t, (urn - 
sponds to 1 (Mj. carbonic acid whicdi existed in cond»inat ion with an alkali. 
This method gives a little too mtich, as the original filtrate alway.s eontaii.^ 
.sotne carbonate of magnesia and a traei! ol' earbotiat(‘ of lime. If yoii 
wish tt) correct this error, iletertnine the small (piantitv ot' the alkaliin' 
earths whicdi exi.sted as chlorides in the fluid pre'cipitatfd with nitraie nl 
siKaa-, and deduct from the difference b(‘tw(‘en the two dc'terminatleiis if' 
the chlorine, an amount of' the latter substanc<‘ corre-sponding to the alka- 
line* e‘arths. ddie carbonate of soda must not be converted into ehleri'k nl 
sodium by (evaporating the .solution with chloride of anmioniiim ; sitin' tin 
exce.ss ot‘ tin* chloride of' amimmium wouhl decompose the alkaliin* siil- 
jthafe ])r(*sent, and more eliharine would aec(.»rdingly be touiid than eei'i'i' 
.sponds to the alkidine carbonate. 

h. Proceed at first as in n, but n.se doubh* tlu* (piantitv ol watri'. 
divide the tiltratf* and washings ahso into two etpial, or, at least, nieasiind 
])art.s. Strongly (joncentrate one part, and determine the eaib(»na 1 ed alkali 
(togethf*r with the trace of’ lime and the minute (plant ity ol magnesia yr - 
.sent) volumetricallv, as directed § 22(1 ; in tin* other j mrt det( rniiin' '1 '' 
trace of lime and the magnesia ; this will serve to correet the result <>1 lie 
alkalinietric analysi.s of tlte first j>art, since carbonati* of lime and earhciMi' 
(d’ magnesia ox(-rci.se, id'conr.se, the .same neutrali/ipg action upon ai iib*'' 
an crpiivalent amount of carbonate of .soda. 

Kkmark.s on the Analysis oe SiiLnmiinnTKr) Watkks. 

§ 212 . 

We [iav(‘ already .sficn (§ 2t)S, 8) that tint .snlpliiir in siilphundti'd " t' ^ 
may bo ]>re.sent in dilllnrent forms of c()trd»ination, and what are tin 
imdhods to employ for determining the fn'e siilphnretU'd hvdreg"'^|‘^ 
well as the sidpliurettcd liydrogen exi.sting in combination with u lueU 
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{ 212.1 • 

ilpliido in form (if n Kiilplui-^alt ; also tlio sulphur present in form 
'f proto- or bisulphide!, and, lastly, the hypo.sulpdiiu’ous acid which may 

1h* i)res(!nt. 

1 JeeiTi it advisable to add a few furth(!r reniarhs. 

1 7V/r (letC-rmitKftion. of the su/phurir (u hl cannot be elTeicted in the usual 
ivny as the suli>huretted hydrogen is c.onsL'intly undergoing oxidation by 
ill, i oxygon (if the air, which must of lUicessity lead to serious errors. The 
lohurio acid in sulphuretted mineral waters should therefore be estimated 
directed 233- 

') The totdf- (irnount of the .vtfphdt'y in wh.atever form of combination — 
wlicllior witli oxygen, hydrogen, or metals — is estimated, by way of 
piiilrol by conducting into a measured (pjantlty of tin! wat(!r chloriiu; gas 
[pr iVoin air, and precipitnting the sulphuric acid Ibrmed with chloride of 

liariuiii. 

Tlio deportment of mineral watm’s containing fr('e sulphuretted hy- 
(lr()"-(‘ii differs of course Ironi that of waters containing princi]»ally metallic 
siilplnd(^s, or sid|)ho-salts (hoiiatic waters). As an illustration of waters 
ofrlic foniwr description, 1 may )nention the wat<T of W<*ill)a(di, in which 
i),':irly the wliole of tin' suljdiur which is not combim'd with o.xygen is jire- 
s ut as fr(!(! sulpliiirettc(l hydrogen. The water smells strongly oi’ this gas ; 
when shaken in a half-fill(!d bottle, it evolves sulphun'ttcd liydrogcm with 
rlic carhonic acid ; upon transmission of hydrogen it com{)letely los(!s the 
snlplmrotted hydrogen, retaining, at most, onlv inappreciabh! traces. 
^Vlu'ii in a Ixttlle ('ontaining air, sulphur speeclily sojiaratf's, the fluid 
turning tnrhid, or (h‘j)ositing a precipitate, whilst the smell of sulphurf.'tted 
livdrogon becomes fainter and fainter; after some time, the* continued 
ai'tioii of the air gem'rally oxidizes tin* s('j)arated sul|)hur to sulphuric acid, 
wliicli dissidv(‘s. leaving the water .again as clear ;is at first. 

.Vs an illnstr.ation ol‘ waters of' tin; totter description, may be mentioned 
the water of Staeln'llx'rg, analysed l>v Simmi.ki:.* 'Phis w.aUu* smells 
unly v('rv slightly, and in winter scatasdv at all. of sul]diiir<'tt('d hydrogen ; 
ad liiiuus paper is colored blue by it in tin* course* of’ .a tninuti* ; it leav(*s 
liirnieric ])aper un.alten'd. 1 Votochl<)rid<* of manganes(! ])roduees in it !i 
eirnation, protosuljdiate of iron a black pr(‘cipitate. Nitro-prusside of 
sdiiiia imparts to it ,‘i reddish violet tint. If’ a botth* is filh*d with the 
ivater, the Latter soon turns slightly turbid; alt'M' about fiva* minutes it 
ncever.s its original cl(*arne.ss, hut the color is now distinctly yellowish, 
fecii fiirtlicr access of .air, n'liewed turbidity is olxerved, tolloW('d again 
1 h' clearing, alh-r which tin* water is found to have .ae([uired a dee]) yellow 
f'ht, owing to the form.ation of bisiil j)hid«*. With full .access of' air, a 
‘‘'pinas |)r(*ci|)itate of sulphur fin.ally subsides, hvposul]»hite ol‘ soda being 
funned at the sjtnn* time, 

I Ini caus(‘ of the difrer('nt (h'portment <if these two sorts of sul])hur('tt(!d 
^'■'itcris to be found in The dith‘rent proportion which the sulphur, in com- 
"iiatioii with hydrog(*n or met.als, hears to the free* e:irl)onie acid in the 
f"e waters; this |)ro{)ortion is 1 : ‘21 in tlu* water of V\h'ill)ach, and 1 : *2 
I'i fli.it of Stacln*lherg, If a curia*nt of carbonic acid wen* conducted into 
f ic latter, this would eonvt'il, most ol' tin* snlplmr ot‘ tin* sul|)hides in the 
''■del into Iroe sulphuretted hydrogen ; since c.arbonie acid expels sul- 
I >ur(Ute(l liydrogen from sulphide of sodium or hvdrosulphate of suljihide 
y|ediinn, as, on the other hand, sulplmretted hyilrogcn expels carbonic 

'J^idlrom bicarbonate of soda. 

* Journ. f, prakt. Chem. 71, 1. 
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’ [§ 2l:i 

Owing to these slight difFerences of affinity, the action dej^ends unn 
amount present of either body ; the larger, therefore, tlio amount of il * ' 
carbonic acid in a water contjiining carbonate of soda, the smaller ^vill 1^^ 
the quantity of sulphuretted hydrogen in a state of com])iuatiun aiii] il 
larger that of free suljdmretted hydrogen. The temperature also t xi u ' 
some influence in the matter ; tlius, for instance, l)icarl)omite of soda nn ' 
exist in the cold in the presence of sulphide of sodium, whilst at a liirrl,,’ 
temperature monocarbonate will form, with disengagement of Hulplnurtt^,,] 
hydrogen. Sulphuretted waters contiiining no alkaline biearbonat s 
which accordingly acquire no alkaline reactitm upon boiling, are lodl,,,,] 
upon as sim])le solutions of sulphuretted hydrogen ; the suljdiuroUed waui 
of Sandeljord, analysed by A. and 11. STUECKEit,* belongs to this class. 


2. Calculation, Control, and Aruanop:ment of tiik Kesilts (if 
Analvse.s of Mineral Waters. 

§ 21.1 

The results of the several analytical processes described in 1, an* 
obtained by direct experiments. They are altogether indejiendent of anv 
theoretical views which may ho entertained as to the manner in wliich tlio 
several constituents are combined or a.ssociated with each other. 

As our theoretical views on the subject may change with the progn'ss of 
chemistry, it is ab.solutely indispensable, in reports of analyses of wati is. 
to give the direct re.sults and the nu'thods by which tlie\’ wcna.^ chtaiiK'd, 
An analysis .so rectonh**! is of .service for all times, as it siqjplies, at least, 
the requisite data for determining whether the conqiosilion of a water is 
consUint or not. 

With re.spect to the ])rincijiles that guide ehemists in the hyjiotliotiiiil 
association of the acids and bas(‘s t()und in th(( w.ater, it is assunuMl that tin* 
combination of the bases and acids is governed by their rt'sjHX-tivo iiilini- 
tic.s, i.e., the strongest acid is assumed to be combim.'d with the stroiiLiest 
base, Ac, ; due attention being |)aid, howciver, also, to the greaUT or less 
degree of solubility of the s;dts, since* it is well known that this (‘xcri'ises a 
considerable influence upon tin; manifestations of tie* force of tiiliiiitv. 
Thus, for instance, when lime, poUissii, and suljdiuric acid are found in th' 
boiled water, tin? sulphuricr acid is ,'i.ssumed to exist, in tin* first jilai’c. in 

combination with the lime, Ac, It cannot be denic'd, however, that this 

way of proceeding leaves much to the individual views and diseretieii el 
the analyst, and, con.se(piently, that dilferent reports might be calciilalol 
by different chemi.sts from tlu^ very .same set of ex})erim(*iital results. 

A general un<ler.standing upon this point would be very aihantago'ib. 
becaiLse without it the compari.son of two mineraj Avaters is Ix sct wiili 
difliculties. As lorjg as an agreement of this kind is wanting, a coniparisi'ii 
between two mineral waters can only be made as regards the direct nn' 
immediate. results of the respective analyses. 

One point, I think, should be at once agreed upon, viz., to put :ul t n 
Sidts down in the anhydrous condition. 

To illustrate the jiriuciples which I (•omanve ought to gui<le cIk'hoI'' 
this matt(;r, and al.so the way of contndling the results obtained, 1 
the following analysis whicli 1 have lat<dy made. 


Aunal. d. Client, u. riiarm. do, 175. 
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Analysis of the Water of the Elisajietiienquelle at IIoMBUKr., 

V. T). Huhe. 

a. Direct Results of the Analysis. 

The ininibcrs express the mean of two or tliree concordant experiments, 
111(1 the grammes of the substance obtained from 1000 grin, water. 


1. Chloride, bromide inid iodide of silver together . . 28’977G;3 

2. Bromine and iodine — 

a. Bromine 0-002486 

Corresponding to bromide of silver . . . . 0-00584 

h. Iodine 0-0000285 

Corresponding to iodide of silver .... 0-000053 

3. Chlorine — 

Chloride, liromide and iodide of silver . . . 28-977G3 

Deduct — 

Bromide of silver .... 0-00584 . 

Iodide of silver .... 0-00005 . . . 0-00580 


Remainder, chloride of .silver 28-07174 

Corresponding to chlorine 7‘lf)2G4 

4. Sulphuric acid 0-01 70() 

f). Carbonic acid (total) 3-32025 

6. Silicic acid 0-02035 

7. Protoxide of iron 0 0143(8 

8. Lime and strontia together, exprc.ssed as carbonates . 2-15885 

9. Magnesia (total) 0-32120 

10. Lime and stnjiitia* retained in solution aller boiling 

the water, exiiressed as carbonates 0-04033 

11. Lime preci]titat(Hl on boiling — 

Total lime + strontia, exj)res.sed as carbonates . . 2 15885 

Lime and strontia retained in solution on boiling, 

cx[)res.sed as carbonates O-0L033 


The remainder ^ 1 '5 1252 

Gives in form of carbonate the ammmt of lime pre- 
cipitated on boiling; this corresponds to lime . . 0-84701 

12. Lime retained in solution alter boiling — 

8um of th(^ lime and strontia retained in .solution, 

ex])res.sed as carbonates 0 04033 

DcHluct the strontia (See 13), which calculated into 
carbonate ^ 0-01428 


• Remainder - 0-03205 

Which correspt)nds to lime 0-35305 
•J- Baryta, strontia, and protoxide of mangane.so — 

Baryta ODOOOO 

Strontia 0 01002 

. . of manganese 0-00004 

Pho.sphoric acid 0-00043 

; 0-00704 

Lorrespouding to chloride of lithium 0-02103 


All the strontia was reUiuod in solution. 
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IG. Clilor’ulo of sjodium -I- cliloride of potas.siuin + chloride 

of lithium ...» . . 10-22, s.so 

17. roLa.sh 0-21,s;(; 

(ur responding to chloride of [>oLi.ssium O OKi-r 

18. Soda — 

Sum of the chlorides of sodium, ])ot;issiuin and 

lithium 10'22x,S(( 

Deduct — 

('Idoride of ])otassium . . <0511)27 

Chloride of lithium . . . (.002 1(15 . . . 0 :U;7'j() 

Ih'inainder, chloride of .sodinni O-SlKi'io 

AVhich corrcsjtoiuls to soda . ;V22s:i;) 

10. Oxide of ammonium O-OKif;;,,^ 

20. Total of fixed constituents l-‘0J.Sl;i,s 

21. Specific gravity . . . DO 1 1 Itf at llt-rO’ 


The following sul>.stanc('s were ])re.<ent in unweighal)le anionni^, vi/,.. 
eicsia, rubidia, alumina, jirotoxide of ni('k<'l, ]>rotoxi(le ol coli;ili, oxi,],. nf 
copper, teroxid(‘ of antimony, arsenic, acid, boracic acid, iliioriiK', uliii,. 
aci(l, volatile organic acids, non-volatile organic matter, iiitmgei], llujii 
cai-buretted hydrogen, suljhuretted hydrogen. 


a. Suli>hate of baryta — 

P.aryta i.rcsclit (l:;) O-ooOCi; 

('ombines with sulphuric acid (Ki()();!l 


To sulphate of baryta 

/). Sulj'hate ofstrontia — 

Strontia present. (D)) 0010112 

Combines with snlphnric acid 0-('077 1 


To suljdiate ofstrontia 0-01 uti 

c. Sulphate of lime— 

Sulphuric acid j)rcsent (1) O t'hJt 

( )t' this is combine-d — 

With barvt.i .... n-t)0()5 1 

With streintia . . . t)-0()77 I . . • 


Combines with lime 


The remaindi'r 


O-OO'.'SS 

o-oo(;',i2 


Mk) suljdiate of lime 

r/. ?)romid<; of magmesium — 

l>r()mine ])rescnt (2) 

Combines with magm-sium 


(l•ol(;so 

o-oo2f^ii 

o-ooo:;;:'' 


To bromine of magnesinni 
e. Iodide of inagne.siuni — 

Iodine present (2) 

('oinbines with magnc.sium 


0-002'S.V.' 

o-onoib’'^'’ 

()-000l'<'-< 


To iodide of magnesinni 


0 - 000031 - 
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y: chloride of calcium — 

Lime present in boiled water (12) . . . . 

Of which is combined with sulphuric acid (c) 

The remainder 

Corresponds to calcium 
Which combines with chlorine 


To chloride of calcium 

q. Chloride of potassium — 

Potash present (17) 

Corresf)on(ls to potassium 

Which combines with chlorine 

To chloride of potassium 

h. Chloride of lithium — 

Lithia present (15) 

Corresponds to lithium 

Which combines with chlorine 

To chloride of lithium ^ 

i. Chloride of ammonium — 

Oxide of ammonium j)resent (10) .... 

Corresponds to anunoniuiu 

Which combines with chlorine 

To chloride of ammonium 

l\ Cldoride of sodium — 

Soda present (1<S) 

Corresponds to .sodium 

Whicli combines with chlorine 


To chloride of sodium 


/. Chloride of magnesium — 
Chlorine pre.'^ent (O) 

01’ this is combined — 
With calcium . . 

AVith potjissium . . 

With lithium . 

With ammonium 
With sodium . 


. 0-45019 
. O lf PIG 
. () 0JcS07 
. 0-01152 
. 5-98153 


Kemainder 

Which combines with magnesium 


To chloride of magnesium . . . 

Phosphate of lime — 

Phosphoric acid present (M) 

Combines with lime (5 cep) 

To basic phospliatc of lime 


0’35395 

0-00092 


0-34703 

0-24788 

0-43949 


0-68737 


0*21870 

0-18101 

0*10400 


0-34027 

0-00704 

0-00351; 

0*01807 


0-02103 


0-01005 

0-00737 

0-01452 


0*02189 

5-22890 

3*87957 

5*98133 


9-80090 


7-1G2G4 


6-01807 


0*54457 

0*18429 


0*72880 


0-00043 

0-00051 


0*00094 

p p 


II. 
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n. Carbonate of limo — 

Lime present in precipitate obtained by boiU 

■ • • • • . . . 

Of this is combined with phosphoric acid (m) 

Tlio remainder 
Combines with carbonic acid 

To monocarbonato of lime 

0 . Cart)onate of map^nesia — 

Total map^nesia {[)) 

Corresjionds to magnesium 

Of wliich is combined — 

With lu'omine (d) . O OOOdTd 

With iodine (e) . . 0-()000(>3 

With chlorine (/) . . 01842D0 . . , 

The remainder 
Corresponds to magnesia .... 
Whicli combines with carbonic acid 

To monocarbonato of magnesia 

p. I'rotocarbonate of iron — 

Protoxide? of iron present (7) 

(Combines with carlmnic acid 

To protocarbonate of iron 

If. Protocarbonate of manganese? — 

Protoxid<? of manganese pH'sent ( 1 d) . 
(bmbines with carbonic aci<l 

To [)rotocar Inmate of manganese 


r. Silicic acid — 

Silicic acid present ((») 


s. Free carbonic acid — 

Total carbonic acid (5) 

Of this is combine<l to neutral .salts — 

With lime (//) OOhol 1 

With magnesia (o) .... ()M)1 iHo 
With protoxide of iron (/>) . . OOO.STl) 

With protoxi<le of manganesti (y) O-OOOhH 

Remainder 

Of this is cond)ined with monocarlmnatcs I’orm- 
ing bicarbonatf's 

liomaiiider, perfectly Irec carbonic acid 
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(, Coinp(iri^(^i^ of the total amount of fixed Con.^tituents found direct Iff 
vxith the sum of the several Constituents. 


The soverul (](?t(^rniiiiatioiis liavc given — 

Suli)hate of bar}'^ O OOlnO 

Sulphate of Htrontia () ()177f 

Sulphate of lime OOHhSO 

Bromide of inagiie.siuni () (){)2<St; 

Io(lid(; of magnesium 

Chloride of ealeium () dS7d7 

Cliloride of j)otassium O d 

Chloride of litliinin O-OlM Oo 

Cldorido of ammonium ()-()21<Sl) 

('hloridc of sodium D'SPOtH) 

Cliloride of m;igm“sium ()'72.S,S(J 

;Phos])liate of lime ()-(l()0!M 

Carbonate of lime l-olKil 

Carl)oiiate ol’ magnesia 

Ses({uioxide ol' ii'on* O-Ol.V.l.S 

Proloses(pji()xide of manganese;* ()•(l(HOl 

Silicic acid .... 0-()21).‘).'> 

i:P2S!m;i 

Tln‘ residue dried at 1<S(C Id bSb'PS 


Ir is not to be; expe’cted that these numbers will corn'.^poiid exactly, 
(“s|n(‘ially ill the' case ol’ a wat<T similar to the above: in fe-t, il' tiny <lid 
am‘C‘witli each other, we .should have reason fe»r inferring that tin' analysis 
was iiieorrect. The causes ot‘ the elilhuaMK'e are manifest, though, we can 
hardly arrive at a numerical cx]*ression for them. Firstly, the chloride of 
aiiiiiiuniiiiii decomposes with carbonati' of lime on <,*vaporati<»n, <'arboiiate 
"I iiiiiiiionia esca])ing ; then the <*hlori<le, bromide and i<*di<le of magiirsinin 
hwiiiK' basic with loss of a portion ol’ their respictive hvdrogcn acids: 
•yuaiii silicic acid cxpids ('arb^nic acid when evauorati-d with carbonatt^s : 
'•lid also the carboiiata* of magm'si.a in the n*sidue is not. present in th(‘ 
i'lriii ol a iKMitral salt, but as a basic .salt, a part ol the carlxaiic aciil being 
dis[)!acc(l by water. All tlu'se causes, too, work in one direction, oci'asion- 
iii? the sum ol' the severallv determined li.\«‘d constitnenls to be higher 
than the residue on evap(»ration. 

A more exact control is attainabh* as follows : bv truatinu the rc-iibie on 
t'^iip'raliiui witli sulphuric acid (p. nhO) and comparing' the n'sidiic of the 
'^'dl'hates (the iron is present as .st'S(|uioNid<' ) with the >nin ol' the fixed 
‘dkalies, alkaJine earths, and mangane.se expressed as sulphates ♦ tin' 
t^i^'liiioxide ol iroi)^ the silicic acid .and the phosphoric acid (as Iltf I’O, ). 


d. A rrauijeiuent of the Ilesu/ts. 

hi reporting the water W(* n'pnxsi'nt the ipiantities of tiie ingredients in 
<1 tvofold manner, viz., in parts ])cr KMUl (or l()l)t),l)(H)), and in grains 
gallon. 

most appropriate >vay of idassifying th(‘ ingredients, is as follows: — 
down in the condition in which they are presimt in tho 
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A. Fixed Constituents. 

a. Present in wcigluible quantity. 
h. Present in unweighiiblc quantity. 

R. Gases. 

As regards the earhonates, it is a question whether they phould bo |,iit 
down as neutral s;dts, the excess ol‘ carbonic acid being eonsiib rod 
as forming bicarbonates, and ])artly as free' acid ; or wliellicr they slioni',] 
bo calculated at once as bicarbonates, the excess of the carb()iii(', acid hoin i 
then put down as ])resent in the free sUite. Chemists som etii no, s adopt dir. 
first way, sometimes the second, but more frcijiiently the first. 1 g:>nci;illY 
report my analyses ot‘ mineral w.aters both ways, to facilitate comparison 
with the analyses of similar springs. 

It is also usual to give the volume of the carbonic Jicid (and of ilic 
generally), calculated to the tempt'rature of the spring. This is doiu- in 
the first column in c. c. p(*r litre; in the s(‘Cond, in cubic indies per 
gallon. 

For similar examples to guide the young chemist in calculating mdcoii- 
rolling the results, I rclhr to the following moinoirs: — 

1. Analvsis of the Kochl)runnen of Wiesba<len (liot saliiu; spring), 

2. Analysis of the mineral springs of Kms (thermal alkaline sjiring.s), 

I3. Analvsis of the sjtrings of Schlangenbad (tliermal springs liolditi" 
only an extnmiely small ([uantity of solid (arnstitnents in .soliiiion). 

4. Analysis of the mim'ral springs of lAangenschwalbach (alkalino clialy- 
beate springs, abounding \u carbonic acid). 

h. Analysis of the suljdiuretted springs of Weilbach (cold siil[.hurcti(d 
spring). 

fl. Analvsis of the mineral spring of (ieilnau (alkaline chalybeate spring 
abounding in carbonic acid). 

7. Analysis of the new soda sjrring of Weilbach (alkaline s|)rings con- 
tiiining much lithia). 

All these ytapiersare comprised in one work, entithal “ Cheinische 1 liter 
snehung der wichtigsten Mineralwasscu’ des llerzogthnins Nas<:ni, vii 
Ih-ofessor Dr. U. Fuksknius” (C. W. KimiDKL, Wiesbaden)- Tlic\ vill 
also be found in the “ Jahrbiicher <h‘S ^lassauisclnai natuihisteiisdiiii 
Vereins,” Band b— 12. Nos. 1, h, and C are also pnblislied in 
“Journal thr prakti.selu! (’hemi<‘,” Ihunl bl, 70, 72. 

Nos. I and 2 eoiitaiii a detailed descripti<»n of the nietliods eniployo iii 
the examination of the muddy ochreous deposits and solid .sinter-i.lcpo>ib 
of the springs in cpiestion. , 

The student iFiay also consult my “ Analyses of tlie Iloinburg Mincr.i 
Springs” (KimiOKL, Wic.sbadcn)— these springs abound in mirboiiic acie 
contain iron, and are very saline— and my “ Analysis ot the ^ i"";‘ 
Springsat Wildungen” (Mittlkk, An»lseti)— this ^vater abounds in 
acid, is more or le.ss alkaline and chalybeate, and contains juucli a 
earthy (>icarbonatc. 



11 analysts of some technical products and mine- 
rals, WITH PROCESSES FOR ESTIMATING THEIR 
COMMERCIAL VALUE. 

1. Dkteumination of Free Acid (Acidimetrv). 

A. Estimation by Specific Gravity. 

§ 211 . 

Tables baaed upon the results of exact experiments, have been drawn 
up, expressing in numliers tlie ladation between tlie sp(*cific gravity of 
the acpioons solution of an a(‘id, and tlio amount of real acid eont aim'd 
ill it. Tliereforo, to know the amount of real acid contained in an 
;i([uemis solution of an acid, it sullices, in many cases, sim])ly to determine 
its spocific gravity. Of (‘ourse the acids mu.st, in that case, be free, or at 
loast nearly free from admixtunis of otlier substances dissolved in them. 
yo\v,as most common acids arc volatile (sulj)huric acid, liy<irochloric acid, 
nifrie acid, Jicetic acid), ;iny non-volatile admixture may hi* nnidily detected 
by (*va})orating a sample of tlui acid in ;i smtdl platinum or ])orcolain dish. 

The (leterinimition of tin; specific gravity is elfected either hy comparing 
the weight of equal voluim's of water and acid (]). hoik <( or b), or by means 
of a good hydrometer. The estimations must, of course, be made at the 
teinperatnrc to which the Tabh's reler. 

The Tables on pages .0X2 — aS."), give the relations between the specitic 
frravity and the strength tin* sulphuric acid, hydrochloric acid, nitric acid, 
tartaric acid and acetic acid. 

In all cases in which the determination of the specific, gravity fails to 
attain the end in view, or which demand particular accuracy, one ot the 
two following methods is employed, more coimmmly the first. 

B. EsTiM.vnoN BY Saturation with an. Alkaline Fluid of known 
STRENUTH.* 

§215. 

This method rccpiires : — 

a. A dilute acid of known strength. 
fi. An alkaline fluid of known strength. 

Preparations of the Solutions, 

«• The acid is diluted so as to contain in 1000 e.c. the exact equivalent 
dumber (II -I) of grammes of the acid, accordingly, 10 grin, sulphuric 

* According to Nicholson and Price (Ghom. G.az. ISSt), p. 30) the common method 
0 acidiineiry is not suited for determining free acetic .acid, on account of the alkaline 
reaction of neutral acetate of soda ; however, Otto (Annal. d. Chem. u. Phann. 
bj) has clearly demonstrated that the error arising lix>ui this is so inconsiderable 

w It may wfely be aUregardeJ. 
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TAHLE I. 


Allowing the perconUiges of liydrated and uidiydroiia acid eorrospoiuli,,,, 
various s])ecilic gravities of atpieous Sulphuric Acid by 1)Inkali- c ? ' 
lated for 1.'')°, l)y Otto. ’ 


Specific 

gravity. 

Percentjige | Percentage 
of hyilratedi of anhydrous 
acid. 1 acid. ; 

Specific 

gravity. 

Percentage 
of liyt h ated 
acid. 

1 . ' 

1 ercuntu^ri; 

of anliydnjus ' 
acid. 

1-8426 

100 

81-63 i 

1-898 

50 

40-81 1 

1-842 

90 

80-81 

1-8886 

49 

4(i-()() 

1-8406 

98 

80 00 

1 -879 

48 

80-18 

ssoo; 

1-840 

97 

79-18 

1 -870 

47 

1 -8884 

96 

78-86 : 

1-861 

46 

87-5.^ 

1 -8876 

95 

77 ‘55 I 

1-851 

45 

8i>-73 

1-8856 

94 

76-78 : 

1-842 

44 

8;VS-i 

1 -884 

98 

75-01 j 

1-883 

48 

85-10 

1 Sin 

92 

75-10 

1-824 

42 

81 "28 

1-827 

91 

74-28 : 

1-815 

41 

88-17 

1-822 

90 

78-47 : 

1-806 

40 

8‘2't)5 

1-816 

89 

72-65 i 

1-2976 

89 

31-88 

1 -800 

88 

71-88 

1-289 

88 

81-11-2 

l->0-2 

87 

71-02 i 

1-281 

87 

80-20 

1-704 

86 

70-10 : 

1-272 

86 

20-88 

1-786 

85 

6!»-88 

1-264 

85 

28-57 

1-777 

84 

68-57 1 

1 -256 

84 

27-75 

1 '767 

88 

07‘75 ; 

1-2476 

88 

20-04 

1 '756 

82 

66-04 1 

1 -289 

82 

‘20-12 

1-745 

81 

66-12 ' 

1-281 

81 

25-80 

1-784 

80 

65-80 ^ 

1 -228 

80 

21-49 

1-72-2 

79 

64-48 i 

1-215 

29 

28-07 

l-7b> 

78 

68-67 1 

1-2066 

28 

22 '85 1 

1-608 

77 

62-85 ' 

1-108 

*>7 

22-08 

1-686 

76 

62-04 ; 

1-190 

26 

21'‘2'2 

1-675 

75 

61-22 ' 

1-182 

25 

2i)-40 f 

1 -668 

74 

60-40 1 

1-174 

24 

10 -58 

1-651 

78 

59-59 1 

1-167 

28 

ls-77 

1 -680 

72 

,58-77 1 

1-159 

22 

17-05 - 

1 -627 

71 

57 95 1 

1-1516 

21 

17-14 

1-615 

70 

57-14 

1-144 

20 

10-82 : 

1-604 

60 

56-82 1 

1-186 

19 

15-51 

14-00 

r5!'2 

68 

55-50 i 

1-1-20 

18 

1-580 

67 

54-69 : 

1-121 

17 

18-87 

1-568 

66 

58-87 

1-1186 

16 

18-00 

1-.557 

1-5 45 1 

65 

64 

58-05 ; 

52-24 

1-106 

1 -098 

15 

14 

1-2-24 

11 ■42 

1 -584 ! 

63 

51 -42 

1-091 

18 

10 '01 

1-528 

62 

50-61 

1 -088 

12 

11 ‘71^ 

1-512 

61 

49-79 

1-0756 4 

n 

8'!*8 

1-501 

60 

48-98 

1068 

10 

8'10 

1 -400 
1-480. 

59 

58 

48-16 
47-84 ' 

1-061 

1-0586 

0 

8 

i -d 
o-5:{ 

r.>7l 

1-469 

1-4586 

57 

56 

46-58 
45-71 ' 

1 0464 

1 -089 

7 

6 

a / 1 

4-80 j 
4-08 

1-448 

55 

44-89 ! 

r(»82 

5 


1-488 

54 

44-07 

1 -0256 

4 

a 

9-445 

1-428 

58 

48-26 ! 

1-019 

8 

^ 1 1'' 

1 '()3 

1 -418 

52 

42-45 

1-018 

2 

0-8l(i 

1-408 

51 

41*68 

1-0064 

1 



ACIDIMETRY, 


583 


\ 215 .] 


TABLE II. 


■1 incr tlie percentages of anhydrous acid corresponding to various 
^'j<pocific gravities of aqueous llydroddoric Acid, by Uue. Tempera- • 
tiire 15 . 






Specific 

gravity. 

Percentage 
gf hydrochloric 
acid gas. 

Specific 

gravity. 

Percentage 
of hydrochloric 
acid gas. 

1-2000 

40-777 

1-1000 

20-388 

1-1082 

40-369 

1-0980 

19-980 

1-1964 

39-961 

1-0960 

19-572 

1-1946 

39-554 

1 -0939 

19-165 

1-19-28 

39-146 

1-0919 

18-757 

1-1910 

38-738 

1-0899 

18-349 

1-1893 

38-330 

1-0879 

17-941 

i-1875 

37-9*23 

1-0859 

17-534 

1-1857 

37-516 

1-0838 

17-126 

1-1846 

37-108 

1-0818 

16-718 

1-1822 

36-700 

1 -0798 

16-310 

1-1802 

36-292 

1-0778 

15-902 

1-1782 

35-884 

1-0758 

15-494 

1-1762 

35-476 

1 -0738 

15-087 

1-1741 

35-068 

1-0718 

14-679 

1-1721 

34 -660 

1-0697 

14-271 

1-1701 

34-252 

1-0677 

13-863 

1-16S1 

33-845 

1-0657 

13-456 

1-1661 

33-437 

1-0037 

13-049 

1-1641 

33-029 

1-0617 

12-611 

1-1620 

3*2-621 

1 1-0597 

12-233 

1-1599 

32-213 

1-0577 

11-825 

1-1578 

31-805 

1 1-0557 

11-418 

1*1557 

31-398 

1-0537 

11-010 

1-1537 

30-990 

1-0517 

10-60-2 

1-1515 I 

30-58-2 

1 ‘0497 

10-194 

1-1494 

30-174 

1 0477 

9-786 

1-1473 

29-767 

1-0457 

9-379 

1-1452 

29-359 ! 

i 10437 

8-971 

1-1431 

28-951 i 

1-11417 

8-563 

1-1410 

28-544 

1-0397 

8-155 

1-1389 

28-136 

1-0377 

7-747 

1-1369 

27-728 

1 -0357 

7-340 

1-1349 

27-321 

1-0337 

6-93-2 

1-1328 

26-913 

1-0318 

6-524 

1 -1308 

26-505 

' 1 -0298 

6-116 

1-1287 

26*098 

1-0279 

5-709 

1-1267 

25 -690 

1 -0-259 

5-301 

1-1247 

25-282 

1 -02.39 

4-893 

1-1-2-26 

» 24-874 

1-0 -2-20 

1 4-4S6 

1-1206 

24-466 

1-0-200 

' 4-078 

1-1185 

24-058 

' 1-OlSO 

i 3-670 

1-1164 

23-650 

1-0160 

3-262 

1-1143 

23-242 

1-0140 

2-851 

1-1123 

22-834 

i 1-01-20 

2-147 

1-1102 

22-4-26 

1-0100 

2-039 

1-1082 

‘22-019 

1-0080 

1-631 

1-1061 

21-611 

1-0060 

1-124 

1-1041 

21-203 

1-0040 

0-816 

1-1020 

20-796 

1 -00-20 

0-408 
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TABLE III. 


Showing tho pcrcont'igcs of anhydrous acid corresponding to v.'iriQ,i, 
specific gravities of aqueous Nitric Add^ by Uue. Temperature 15 ' 


Specific j 
gravity. 

Percentage 
of anhy- 
drous acid. 

Specific 

gravity. 

Percentage 
of anhy- 
drous acid. 

Specific 

gravity. 

Percentage 
of anhy- 
drous acid. 

Specific 

gravity. 

’erctiitjige 
of aiiliy. 
•bo US .iciii, 

1-500 

79-7 

1-419 

59-8 

1-295 

39-8 

1-140 

19-fl 

1-498 

78*9 

1-415 

r>9 0 

1-289 

39-0 

1 -134 

19-1 

1-496 

78-1 1 

1-411 

58-2 

1 -283 

38-3 

1-129 

18-;) 

1*494 

77-3 

1-406 

57*4 

1-276 

37-5 

1-123 

17-5 

1-491 

76*5 

1-402 

56-6 

1-270 

36-7 

M17 

16-7 

1-488 

75-7 I 

1 -398 

55*8 

1-264 

35-9 

1-111 

15 -9 

1*485 

74-9 

1-394 

5.')-0 

1-2.58 

35-1 

1-105 

15-1 

1 -482 

74-1 

1-388 

54-2 

1-2.52 

34-3 

1 -099 

11 -If 

1-479 

78-3 

1-383 

53-4 

1-246 

33-.5 

1 -093 

l;]-5 

1*476 

72-5 

1-378 

52*6 

1-2-10 

32-7 

1-088 

l-i-7 

1*473 

71-7 

1-373 

51-8 

1-234 

31-9 

1-082 

11-1) 

1-470 

70-9 ! 

1*368 

51-1 

1-228 

311 

1-070 

11-2 

1*407 

70-1 ^ 

1-363 

.50 -2 

1-221 

30-3 

1-071 

1(1-1 

1 -464 

69*3 

1-358 

49*4 

1-215 

29-5 

1 -005 

9-t) 

1-400 

68-5 

1 '353 

48-6 

1 -208 

28-7 

1-059 

8-8 

1-457 

67-7 1 

1-348 

47-9 

1-202 

27-9 

1-051 

8-1) 

1-453 

66-9 ' 

1-343 

47-0 

1-196 

27-1 

1-(HS 

7'2 

1-450 

66-1 ! 

1*338 

46-2 

1'-1S9 

26-3 

1-013 

G'l 

1 -446 

65-3 i 

1 -332 

45-4 

1-183 

25-5 

' 1-037 

5'G 

1-442 

64-5 i 

1-327 

44-6 

1*177 

24-7 

1 •032 

4 '8 

1-439 

i 63-8 

1-322 

43-8 

1-171 

‘23-9 

1-027 

1-0 

1-435 ' 

: 63-0 ; 

1-316 

43-0 

1-165 

23-1 

1 -021 

3 "2 

1-431 

; 62-2 

1-311 

42-2 

1-159 

22-3 

i I'OIO 

2-1 

1-427 

61-4 ' 

1-306 

41-4 

I 1-153 

21-.5 

' 1-011 

l-(i 

1 '423 



60-6 

1 1 

1-300 

40-4 

1-146 

20-7 

! 1-0(15 

i)'8 


TABLE IV. 

Showing tlio pcrccntago.s of crystallized acid corresponding to 
specific gravities of aqueous Tarkiric Acid^ l)y ffsANN. 


Specific gravity. 

1-274 . 
1-208 . 

. 1-171 . 
1-155 . 
M 22 . 

1-100 . 
18)08 . 
l-02d . 

1 -008 . 


1‘erooiitajje ol 
cryHfc* aoit-l. 

. 51-42 
40-00 
*. dl-24 
30-70 
25-00 
4 . 22-27 

. M-28 

5-00 
. 1-03 
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TAB^^ V. 


Showing tho perccntagea of hydrated acid corresponding to various 
specific gravities of a([ueous Acetic Acid^ by Menu. 


Specillfi 

gravity. 

Percentage of | 
hTdrated- acid. ; 

i 

Specific 

gravity. 

.3 1 

1 - ! 
PH.a 1 

! 

Specific 

gravity. 

Percentage of 
hydrated acid. 

Specific 

gravity. 

Percentage of 
hydrated acid. 

r " 

Specific 

gravity. 

Percentage of j 
hydrated acid. I 

kOG 35 

100 

1-0735 

80 1 

1-067 

60 1 

1*051 

40 

1*027 

20 

fo 655 

99 

1-0735 

79 

1-066 

59 1 

1-050 

39 

1-026 

19 

1-0G7O 

98 

1-0732 

78 ! 

l -()66 

58 I 

1-049 

38 

1-025 

18 

l'0(i80 

97 

1*0732 

77 ' 

1-065 

57 ' 

1-048 

37 

1-024 

17 

1-0690 

96 

1*0730 

76 

1*064 

56 ' 

1-047 

86 

1 * 0*23 

16 

1-0700 

95 

1*0720 

75 

1-064 

55 

1-046 

35 

1 - 0-22 

15 

I- 07 O 6 

94 

1 *0720 

74 

1*063 

,54 

1-045 

34 

1-020 

14 

1-0708 

93 

1*0720 

73 

1-063 

53 

1-044 

33 

1*018 

13 

1-0716 

92 

1-0710 

72 

106*2 

52 

1-042 

32 

1*017 

12 

1 1-0721 

91 

1*0710 

71 i 

1-061 

51 ' 

1-041 

31 

1-016 

11 

! 1-0730 

90 

1*0700 

70 

1-060 

50 

1-040 

30 

1015 

10 

1-0730 

S 9 

1*0700 

69 

1-059 

49 

1-039 

29 

* 1-013 

9 

i 1-0730 

88 

1-0700 

68 1 

1-058 

48 

1-038 

28 

1-012 

8 

; 1-0730 

87 , 

1*0690 

67 

1 1 - 0.56 

47 

1-036 

27 

i -010 

7 

I 1-0730 

86 

1 *0690 

66 

; 1 *055 

46 

1-035 

26 

1 1-008 

6 

‘ 1-0730 

85 

1*0680 

65 ' 

1 1 - 0.55 

45 

1-034 

25 

1-007 

5 

i 1-0730 

84 

1*0680 

64 1 

1-054 

44 

1-033 

24 

; 1-005 

4 

i 1-0730 

83 

1 *0680 

63 1 

1-053 

43 

1-032 

23 

1-004 

3 

: 1-0730 

82 1 

1*0670 

62 ! 

1-052 

42 

1-031 

22 

1-002 

0 

; 1-0732 

81 

1*0670 

61 1 

1-051 

41 

1 - 0*29 

21 

1-001 

1 













acid, lin-4C» liydrochloric a(?id, 31) oxalic acid, Acids of this strength 

are called nov/Ndl ac{df< ; ecpial volumes of them have the same iKiwor of 
saturating alkalies. We generally employ the normal suljihnric acid, or 
tlie uornial hydrochloric acid, or tho normal oxalic acid, as i*ecomniended 
I7 Mohic 


Preparation of Normal Sulphnric Acid. 

Mix, in a large llask, 105() c. c. water intimately with 00 grm. of con- 
centrated sulphuric acid; allow the mixture to cool, take tw'o jKwtions of 
It of ‘20 c. c. each,* and determine the sulphuric acid in them by precijiita- 
tion with chloride of barium (§ 132, I., 1). If the two results agree well, 
take the mean and dilute the solution with the necessary quantity of water 
to give a fluid coniamia^ in 1000 c.c. exacthj 40 ijrm. aidt>/droiis sulphnric 
(leal. Suppose you had found that 20 c.c, contain 0*840 sulphuric acid, 
therefore 10(,K) c. c. of the solution contain 42 grm., consequently accord- 
iiig to the proportion, ’ 


40 : 1000 : ; 42 : a:; a* -1050, 

)f)ii will have to add 50 c.c. of water to 1000 c. c. of the .solution. This 
be offeeted simj)ly and accurately in the following manner : — 

.^dl a measuring flask holding/ 1 litre, up to the mark with the dilute 
and cautiously into a somewdiat larger bottle ; measure 

* Best measured with the burette. 
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in a pipette 50 c. c. of water, transfer to the measuring flnsk wliirli 
tniiiccl the acid, shake the water Ave^bout in the flask, and tlion additY 
the solution in the bottle. Shak(i the mixture well, pour liack abom; 
half into the measuring llask, shake about in the lat.ter, and fhoii 
again to the bottle. Shake; and keep for use. If the ihiid only pariiali 
fills the bottle, water will evaporate, and condense on tlic sidus in Yp 
upper part of the vessel ; it is necessary, therefore, to shake the hoitio Pacli 
time before its contents are used ; otherwise the portion pourc'd out first will 
contain more writer than the remaining lliiid, which will tliercfure inaea,(; 
gradually in strength.* 

Preparation of Normal Ifydrocldoric Acid. 

lyiixin a bottle 000 c. c. w^‘lter with ItSO c. c. ordinary pure hydrodilorir 
acid of 1-12 sp. gr. ( =- 2-1 per cent. 11 Cl), 1111 a burette with the 
measure off two cpiantities of 10 or 20 c. c. each, and estimati! the hydro- 
chloric acid in them alter § 141, 1, a. If the two results agree tolerahlv 
take the mean and calculate therefrom how much water must be^ddod to 
1000 c. c. of our present acid to reduce it to the normal strength. Siipjioso 
Ave liad found, that 20 c.c. contain O-HIO grm. 11 Cl, therefore iDOOc, c. 
contain 40'5 grm. ; coii.sequently Ave have 

3G-4G : 1000 : : 40*5 : a’ ; a - 1110 8, 

hence Ave must add 110-8 c.c. Avater to 1000 c. c. of our acid to attain tlie 
required degree of dilution. 

Preparation (f Normal Oxalic Acid* 

The first conside-ration is 0) ])ro(mre a perfectly pure potash-free oxalic 
acid. From experiments of I\ki.S(’IIai;eu,-|’ it a|)]K;ars that Fr. Monks 
method of purification (see p. 81)) does not sullice when the acid I'mitaiiis 
])otiish. It is best to j)re[)are the acid from .sugar or standi by oxidation 
Avith |)ure nitric aidd, and to purify by ri'peated cry.stalli/ation. lyiiitcdiii 
a platinum dish it must K‘av(; no residue. The acid is em])h)ved citln'r in 
crysUdline condition as IK), C^ -f 2 a({. (]>. 81 )), or as t ). L. Fkhmans 
has proposed, it is driisl at 100®, by which it is converted in IIC, f jb 
The latter method is not (piite so convenient, but certainly safer, jirovidcl 
tin; drying be carri(;d on till the Aveight nmiains constant. In the first 
ca.se Aveigh off Go, in the latter, 45 grm., transh-r to a litn' flask, add 
water, dis.solve by shaking, nearly fill the flask, bring the fluid to tin; 
mean temperature, add water to the mark, shaki; and kee[) the solution 
unexpo.secl to direct sunlight.| 

In jirinciple, this metho<l of jireparing a normal acid is olwiously tlie 
sinqdest, but in jiractice it is found that there are dithculties attached to 
the prej»aration of a pure acid and its sub.se([uent diying, Avhieh, in i") 
opinion, outvveigli the slight amount of labor^ involved in the I'la'- 
duction of tlu! normal hydrochloric acid. Again, a solution of oxalic acid 
gradually underg;oes a very decided alteration under the influence of liglit 

ft. Fof alkaline solution a solution of soda is used, of which 1 
exactly neutralizes 1 volume of normal acid ; the point of* neutralizalinn 
being indicated by the blue coloration imparted by the last dro]) of sohitinn 
of so<la added to the acid solution slightly reddened l>y litmus. An alkaline 

* This rule of course applies to standard solutions generally, 
t Dingler’s polyt. Joiirn. 167, 47 ; Zeitscfirift f. ana^t. Chem. 2, 420. 

X Wittstein, Zeitachrift fur analyt. C'hem. 2, 41)0. 
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syliition of this strength is called normal solution of soda. 1000 c. c. of it 
s;i(ur:ite the e(|uivalcnt iiuniber (fl - 1) of grainnies of each acid. 

To prepare the normal solution of Soda, take a freshly [)reparcd solution 
(if soda, which has settled clear in a closed vessel, and is Irce from car- 
luiiiic acid, and dilute it to a specific gravity of about 105, which corre- 
c loiids to tbfi per cent, ol' soda. If you desini to avoid the use of the hydro- 
Jiictcr, make a rough determination of tlie relation between tlu; normal acid 
.^nd your alkaliiu; solution, and then dilute the latter so that ‘J — 9*5 c. c. 
,]iay neutralize 10 c. c. of th(j former. 

if you have some old soda solution on hand, and you want to free it 
from carl)onic acid, dilute it as above directed, heat to boiling, add some 
milk of lime, when slightly cooled transfer to a flask, close the mouth with 
a perforated cork bearing a bulb-tu})e conOiining soda-lime (see below), and 
allow to settle. Draw off the clear solution with a sijdion into a bottle. 

llnviiig thus procured in one way or the other a clear lie, free from car- 
lioiiic acid and somewhat too strong, measure off dO c. c. of the normal 
acid, tratisfer to a b(;tdver, impart a fiiint nsl tint to the fluid l)y means of 
tincture of litmus,* and let the solution of .soda IIoav into the reddened fluid, 
from a Moulds burette, until the mixture just shows a blue tint, and conse- 
(jiumtly leaves both red and blue litmus j)aj)(*r 
unaltered. Dilute now the solution of soda 
villi the reijuisite cpiantity of water to give a 
lliiid of which exactly dO c. c. are r('(p.iircd to 
sitiirato 30 c. c. of the acid. Suppose you have 
used 27 c. c. of tlic solution of soda, you will 
liavc to add 3 c. c. of water to every 27 c, c. 
cl' the solution, and accordingly MDl c. c. 
water to 1 litre. The Ixnst way of (dfectiug 
this dilution lias already been described. (Hose 
the liottle in whicJi the normal solution of soda 
ido'pt, with a cork into which is fitted a small 
hiilb-tube of tlie form of a, <diloride of calcium 
tiilte, tilled with iuliaely triturated mixture of 
i^uljihatc of soda and caustic lime, or with soda- 
lime, and h('ariiig a thin open tube in the exit 
''’.pcrtiire (Momp fig. 160). Iksides tliis nor- 
! mal solution of soda, prep)are another, 5 times 
">'me (lilut(‘, and a third, 10 times more <li- 

This is effected best — for iusUiiice, as 
rcminls the latter iluid — by measuring in a 
l"l"'ffr 50 c. e. of the more eoueeutratod sola- Fig. 166. 

fo'ii of soda, transferring the tluid to a ^-litre 

measuring then filling the flask witli water, exactly up to the mark, 
mixing intimately by shaking. 

Vvrijication of the standard acid and idkaJi. 

Although the test-solutions, pre])arcd as directed, must of necessity be 
‘’mreet, it the operations have been nicely performed, it is still well to prove 

before employing them. This is done in the ll)lh>wing manner : — 

^ As the tincture of litmus is often so alkaline that a notable amount of acid is 
^‘imrod to redden it, the excess <^f alkali must, if necessary, bo neutralized ; the 
‘‘^liire BO prepared gives upon dilution with water a violet-colored fluid, to which a 
of acid imparts a red, and the lejwt quantity of alkali a blue tint (§ 65, 2). 
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First, see whether equal volumes of the two fluids when mixed really 
neutralize each other. Then weigh ott‘ twice 1 to H grin, carbonat,. 
soda, chemically pure and deprived of all water by ignition. It is best 
put the anhydrous carbonate in a tube proviiled Avith a sto[)])er, to wc-irri^ | 
this, shake out a suitable (piantity and reweigh, &c. Transler tlic; \v(!i(r]iJ,|j i 
portions of the salt to flasks of flOO — ICO c. c. capacity, dissolve them in ! 
100 to 150 c. c. Avater, Avarni, color slightly Avith tincture of litmus, ainl - 
gently agitating the flask, run in normal acid from the burette, till tin' I 
fluid is reddish violet. Noav boil gently for some time. The lluid will I 
reassumc its blue color in proportion as the fnu^ carbonic acid esenpis 

Kim in more acid to distinct redness, boil a Ioav minutes, and then add 
soda solution from a second burette, till the fluid is just blue. Afte]’ somo 
minutes read off the height of the tAVO standard fluids, subtract the smla 
from the acid, and the nanainder Avill be the amount of acid Avhidi ( (tr- 
responds to the Aveighed quantity of the carbonate (d' sod;i. Filially cal- 
culate the quantity of the stilt corresponding theoretically to the ainouni of 
acid used, thus : 

1000 : the c. c. of acid used : : 53 (eq. NaO, ('()^) ; ,/• 

the result should agree Avith the knoAvn Aveight of carbonate emj)l()\(:‘d, 
Diflerences of 1 — o mgrm. are Avithin the alloAvi'd limits ol' error. 

For proving the normal liydrochloric acid you may use Ictdand spar 
instead of carbonate of' soda. 3'he minend is jioAvdered, dried at l»Hd, 
and tAVo j)ortions of 1 — bo grm. ea(di are Aveighed (df. d'lu' jjowder 
is shaken into a flask, treated Avith Avater, and the acid is run in, till 
complete solution has taken place, Avhich may be .aided by (jenilt Av;inii- 
iiig. 1 .siy gentle Avarming, bec.ause the fluid might contain more thiiii ;i 
very slight excess of hydrochloric .acid, and in such case, if .strongly hmiUd, 
might lo.se hydrochloric acid. ISoav a<ld tincture of litmus, so that du; 
fluid m?iy lie slightly red, run in .soda .solution from a Imrette, till only ;i 
very small excess of acid remains. Boil gently f'or siwcral minutes to 
expel the carbonic acid, and tinallv add sod.a till just blue. Deduct the 
soda from the acid, and pnx’ced Avith the calculation as .above given. 

These methods of control ni.ay ahso be applied to the in-cptinifion of tlu' 
standard solutions, as folloAvs: — .\seertain tlie relation betwemi an acid and 
an alkali, both of Avhich are too strong. Snpj)ose 21) e. c. of the acid rcipnre 
19 c. c. of the alkali. Again, siippo.se to b.a grm. carbonate ol .soda wen' 
added, 29 c. e. acid and 1*5 c. c. .soda. Noav 1*5 c. c. .soda corresponds to 
1*5)S c. c. acid. Therefore the acid required to siiturate the 1*5 grin, cai- 
Ixmate of soda w.'is 29 - bob - 27*42 c.e. 

Hence, we say, 1*5 : 53 (ecp NaO, COJ : : 27*42 :;r; .r AX'SS, 
Therefore, 9fl8*b c. c. of the aci<l .stituratc 1 eip grm. earhouate ol soda. ^ 
101)0 c. c. of norm, 'll acid h.'ive the stime power; thereiore avc must ina ' j 
9flb'b c. c. of our acid up to 1000 c.c. or, whiit is (Equivalent, and more j 
to do, we must add 32*2 c. c. water to 1000 c. c. of our acid. i 

cc. nie Actual Analym. 

As 1000 c. c. of thenorrn.al solution of soda correspond to the equiralo') 

nuinher of grammes of each acid, 1000 c. c. ol the 5 times mere 1 ^ 
solution to J, .and 1000 c. c. of the decimal solution to cq. 

is hardly anything further to be sJii<l about the process, the si e( it 

either of the three alkaline fluids depending, of course, entirely upuu 
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( iiantity of acid to bo nontralizcd. The neutralization of tlio weighed or 
jiiea^iiirod acid fluid should take about 15 — 30 c. c. 

In scientific investigations, I reconiinend the weighing of indeterminate 
quantities of the acid fluid, as the weighing of definite quantities on a 
clicnnical balance is a somewhat troublesome operation, and the trifling 
trouble of calculation is not worth mentioning. Suppose, for instance, you 
liave weighed off I’h grm. of a dilute acetic acid, and used 25 c. c. normal 
solution of soda to neutralize this, you find by the proportion, 

'1000 : 25 : : GO (eq. OJ : a-; a? - 1-5, 

that 1*5 grm. of hydrated acetic acid are contained in the weighed quantity 
ct'lhe dilute acid ; and ajiother proportion, viz., 

4-5 : 1-5 : : 100 : x; a: = 33-33 

rruuis the i)ercentago of hydrated acetic acid co itaincd in the analysed 
tluid. dr, the cahadation may also be made as follows : — 

l a grm. of the acetic acid examined having rc<pnred 25 c. c. of normal 
solulioii of soda f()r neutralization, liow much would G grm. (oc. the weight 
of ecp grm. hydrated acetic acid) recjuire 1 

4‘5 : G : : 25 : .r; a‘=33‘33 

It is evident tluit in this case the number of c. c, found as r expresses 
till' percentage of hydrated acetic acid, since lOQ c. c. of normal solution 
of soda correspond to et{. grm. pure hydrated acid, Le. acetic acid of 
]0(l p(T cent. 

In technical analy.ses it is more convenient if the niindaer of c. c., or half 
c.o. used of the normal solution of soda expresses directly tlie |>er- 
(’(‘11 t'ige of hydrated or anhydrous acid couUiined in the examiirtid fluid. 
For this purpose, the or equivalent numl)er (II - 1) of grammes 
ol the anhydrous or hydrated acid, arc weiglied olf according as the 
iiiindjer (4 c. c. or lialf c. c, of norm.al alk.ali used, are to express the 
pcu'eritage of hydrated or anhydrous acid conUiiiied in tlie analysed 
lliiid. 

The following are the quantities for the more coiunion acids : — 


Sulphuric acid 

Kq. number 
of grammes. 

. 4‘0 

v,\, E(|. number 
of' grammea. 

. 2-00 

Hydrated sulpdiuric acid 

. 40 

. 2-45 

Nitric acid 

. 5-4 

. 2-70 

Hydrated nitric acid 

. G-3 

. 3-15 

Hydnochloric acid * . 

. 3*G4G 

. 1-323 

Oxalic acid 

. 3-G 

. 1-80 

Crystallized oxalic acid 

. G3 

. 315 

. ‘2-55 

Acetic acid 

. 51 

Hydrated acetic acid 

. G-O 

. 3()() 

Tartaric acid . 

. GG . • 

. 3-30 

Hydrated tartaric acid 

. 7-5 

. 3-75 


hut, as the weighing of definite small quant 
•'‘p^urate enough, it is preferable to weigh off tli 


ties would hardly be 
) hall' eq. grm. of the 
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acids (/.c., 20 or 21-5 grm. of sulphuric acid, according to wliotlier ’ 
intended to fmd tlie percentage of anhydrous or of liydrated aci(] • J.s-C' 
of hydrochloric acid, in a measuring flask holding c. c., luihv j" * 
cautiously,* allow to cool if necessary, fill up with water to tlu- in!,,.].' 
shake, and then remove, hy means of the japette, 100 or 50 c. c., accoidii 
to whether j\y or J,-, ^'0- 1‘‘^ to be used. 

d(L Deviations from the preceding method of A nahj sis. 

a. Chemists oc(^asionally ]>ref(a* using a solution of soda, wliicli i 
moderately near (ho correct concentration, at om-e, without ])ringii|..- it t,, 
the normal strength. Its power is asctu'tained by means of normal acid 
This renders a little rul(‘-of-three calculation in(lisj)ensal)le. Su[ij)(,s(> 
18'5 c. c. of solution of soda are found to corresjtond to 10 c. c.^ noimd 
sulphuric; acid, i.e. , eep grm. or O' l grm. sul])huri(; acid, lluy will (.'orre- 
spoiid e<pially to -joo of all other acids, accordingly, lor iii.staiici> 

to O'f) grm. hydrated Jicetic acid. Now, supposing 12 c. c. of the soliitidn 
of soda to have been used to saturate; 10 grm. of vinegar, the aiiiount of 
hydrated acetic acid conUiined in the latter will be found hy the, lolluwin" 
proportion : — 

18-5 : 12::0 G : .r; a; -0-a<SO, 
and e.xpressed in })er-cents., 

10 : 0*:hS'.) :: 100 : .r; ,r - .‘hSO 

ft. It is often pnderred to have the alkali of smdi a strength that the 
c. c. or the halfc. c. employed to ticutralize a round niindier of gian. or r. c. 
of an arpu'ous acid may express at once the ])ercentage of real acid. Fcr 
instance, if we add 20 c. c. water to 1(100 c. c. normal soila soliiticn, ihcsc 
1020 c. c. will saturate .51 (1 c(j.) grm. anhy<lrous acetic acid, lOOn c. o. 
tlu'reforfc siiturate 50 grm. IIcikm' if we lake 10 grm. of vim'gar (10 c. c. 
will do instead, as the speciti(‘ gravity of vinegar scarcedv dithers from tlial 
of water), and add our diluted .s<dution of so<l;i to saturation, tlie c. c. uscmI. 
divided by 2, will e.xpress the p<‘rcentage of .anliydrous acetic; acid in iIk; 
.sjaecimeji of vinegar <‘\amined.t 

y. If tin; color of a lliiiil c()nceals tin; (diaiigi* of th(‘ dis, solved litmus, 
we use re(l litmus or turnxu'ic j>aj>er to hit th(‘ point ol‘ jieiitralizatiom /.o. 
wo add alkali till a strij) of te.'st ]»a])er dij»}H‘d in just itidl(‘a1(‘S a weak 
alkaline reaction. Iti thi.s case mon* alkali will be enijilovf'd than when 
the litmus can la; used in .solution, ;ind in (;xact dcterminal ions it inav 1"' 
worth W'hile to rectily the error by :i ('orrection. ^hhis may lx; dmic hv 
taking a like <juantit.y of'w’ater and adiling'- soda solution, till the Ihiid jiet 
gives a reaction on the test paper in (piestion, ,‘is strong as was obtained a! 
the clos(; (jf the fir.st experiment. ^Fhe <pjantity of alkali u.seH is ot coursefe 
be d(;ducted from the <piantity employed in the firftt (‘X[)eri]ncnt. 

c. Instead of tincture of litmus various other coloring matters ina} 1>'‘ 
cniployetl^ in order to <liscover, wdien saturating an .acid, the lii'st trace ni 
an ex(;e.ss of alkali. The tinctures of cochitieal .and of logwood de.-'eMe 
special mention in this connexion, 'fhe former has been rccoiinncn' e 
for a(;idim(;tric and alkalinietric pur[)o.ses by C. IjI'CK 0W,| tlx; lattei w 

* in the case of concentrated snljdniric .acid, the flask must be hall full nf 
before the acid is weigbeil into it. 

t Zeitschrift f. an.alyt. t'hein. 1, 2t)3. 

Jouru. f. prakt. Chein. 84, 424 ; Zeitaebrift f. analyt. (’hem. 1, <18(3. 
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Pqiil* and WinDENSTEiN.I The tincture of cochinoalj lias a deep ruby 
«ilor' gradual dilution with tlic purest distilled water it turns orange, 

• nd afterwards orange-yellow; in the j)resence of the smallest amount of 
■lustic or carbonated alkali, or of caustic alkaline eartli, or of dissolved 
ialine earthy carbonate, the fluid changes to carmine or violet-carmine. 
Strong acids restore the yellow color. 9'he tincture of cochin^l is used 
with advantage whenever, in the determination of a free acid, carbonic 
<idd comes into play, whether the fluid itself contains it, or whether the 
soda solution has gradually absorbed it. For while the prcsem-c of 
('arl)onic acid interferes wuth the discrivery of the first trace of excess of 
alkali when tincture of litmus is used, this is not the case when tincture 
of cochineal is us(id, tin; coloring matter of the latter being an acid, viz,, 
tjio carniinlc acid. In the presence of salts of iron, even in minute 
quantity, the tincture of cochineal c.annot be used. 

Tincture of* logwood|| has a reddish yellow color, on dilution wuth much 
Wider it turns nearly lemon yellow, and remains so on the addition of 
(liluto acid. If the hitter is saturated with an alkali, the first trace of 
iilkali in excess is rendered evident from the fiin; deep red color of the 
jluid. The transition is very char;ict(;ristic. This tincture cannot be 
used iti the ])rcscMCO of oxides of the heavy mebds. 

(’f. Application of the Acidi/netric principle to the determination of 
combined acids. 

Tlic acldinietric principle may often bo employed also for tlic determina- 
tion of acids in combination with bases, if solution of soda (or of ear])onate 
uf soda) precipitates the latter completely, and in a state of purity. For 
instance, acetic a(‘id in iron moialant, or in v(;rdigris, may In; estimated in 
this way, by tlie followung procauss : — Piaa'ipitate wutli a measured quantity 
of normal solution uf .soda in excess, boil, filter, wash, concentrate tin; 
liltralo, add iiorinal acid to acid rcaiUion ; Ixiil, to expel the carlioftic aidd 
wliinli the soda solution may havi' absorbed in the process of (wajxDration, 
rodileii with litmus, and add solution of soda nifiil a blue tint is imparted 
to tlui lliiid. Subtrai't the amount of standard acid nsml from the toud 
quantity of sod.a solution consumed in the exjieriment : the dilfereiice 
expresses tin; (piantity of soda solution neutralized l)y the acid coiilaimul 
ui till! su])stance, in combination as w’#I as in tlie free state. Of euuirse, 
U‘lial)l(‘ residts can be expected only if no basio- salt has been thrown down 
hj 'lie so(la solution. 

A standard solution of carbonate of soda may be used as [)recipitaiit, 
Uistead ol the normal .solution of can.stic soda. 

fj. AcnlnneirK: determi nathm of alkidies. 

1 lie silicoflnorides of pota.ssinm and sodium jiossoss an acid reaction, 
‘'^>^‘1 (III or soda yield, with separation of silicic acid, 

u kaliiie lluoridcs w’hich po.s.sess a neutral reaction. On tliis fact 

+ ft prakt. Clioin. 81, 50. + Zeitadirift f. analyt. Choni. ^2, 9. 

'lie liiicturo is prepared as f’ollowa:' Maeerjito with frequent .siiaking about 
^gi’iii, goo(i cochineal in powder with ,{ litre of a mixture of 3 or 4 vols. distilled 
hottks^*'^ ^ filter through 8vvedi.sh paper. It keeps well in closed 

it as follows : — Divide a piece of logwood of good quality and without 
dan j the middle, remove a few tine shavings from the inner surface with a 

2vo? ® with distilled water and mix the concentrated decoction with 1 to 

of wine. Keep unexposed to light. 
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[§§ 216 , 217 , 


Stolba* has founded a volumetric process for the estimation of tlic silico 
fluorides iu question. The decomposition takes place in aeconlance w tl' 
the eipiation K FI, Si Fl^ + 2 KO - d K FI + Si 0,. 1 c. c. nonnal potlsh 

or soda solution (p. 587) corresponds therefore to ()'05505 grni. 
fluoride of potassium or 0-0 170 silicofluoride of sodium. The expcriinoiil; 

is pcrfori^jmd by adding to about 0'5 gnu. of the silicofluorido 200 ;)()() 

c. c. water, boiling, and then running in normal soda, till an alkaline 
reaction is just attained, which is permanent on long boiling, if 
much soda has been added, run in 1 c. c. normal acid, and then soda 
again more cautiously. The test-analyses supplied by Stolha are satis- 
liictory. 


Modification of the common Acidi metric Method (Kiefei{|). 

§ 216. 

Instead of estimating free acid by a solution of soda of known strength 
and determining the neutralization point l>y means of tinctuj-e of litmus 
an ammoniacal solution of oxide of copper may be used for the pur- 
pose, in which case the neutralization point is known by tlie turbidity 
observed as soon as the free acid present is comjiletcdy iKuUralizod. The 
copper solution is prepared by adding to an a<|ueous solution of suljhate 
of copper, solution of ammonia until tlio prc'cipitate of basic sjilt wliicli 
forms at first is just redissolved. After determining the strength of the 
solution by normal sulphuric or liydrocldoric acid (not oxalic), it may be 
em]>loyed fur the estimation of all tlie stronger acids (with the cxcoptiou of 
oxalic acid), ])rovided the fluids are clear. The basic siilt of copper, in 
tlie precipitation of wliicb the final nuiction consists, is not insoluble in 
the ammonia siilt fornuMl, and its solubility depends on the degree of con- 
centratvon, and on the presem'c of other .salts, espc'cially ol‘ aiiiiuuiihi salts 
(Carey LeaJ). Hence the motliod cannot l)<>ast of' scieiitilic accuracy, 
but as the varLations occasioned by tin* causes mentioned are incoiisidor- 
aljle,|| the process retains its applicability to technical purpensc's, fur wliicli, 
indeed, it was originally proposed. MTii.s metliod is of espeeiid value in 
cases ill wliicdi free acid is to bci determined in presence ol a neutral 
inetillic salt witli acid rcniciioii — free sulphuric acid in mother-liipioi’.s 
of 8ul[)hate of copper or sulphate of zinc, Ac. It is advisable to determine 
the strengtli of the ammoniacal copper solution anew belbre every iiesh 
scries of experiments. 


C. Estimation hy Wekjiiing the Carhonic Acid Expelled ly tiii; 
Free Acid from Eicarronate of Soda. 

§ 217. 

Weigji a portion of the acid undcT examination in the flask A (fg- h’^)' 
and if the acid is concentrated, add water ; tlie fluid should occupy about 
J of the flask. Fill a small glass tube compactly with bicarbonate ol &o a 

* Journ. f. prakt. Chera. 89, 129. ,, 

t Anna!, d. Chera. u. Pharni. 93, 386. : Chem. News, 4, 

II Compare my experimeuta on the subject in the Zeitschrift f. analyt. 

1, 108. 
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5218.] 

orpotapsfi,* tie a tlirrad rmind it, an<l .snspond it hy tliis in tlio flask A, 
l)y pressing tlic tlireail Ix^twocn tin? cork and tlio neejv of the flask ^ 
arrange the apparatus exactly in tin; manner described p. 297 and taro 
it on the balance. Keleasc? tlui thread, by raising the cork, whereupon the 
small tube, together with the thread, will drop into the 'flask A ; insert tlie 
cork again air-tight the instant the tliread is released. A lively evolution 
of carbonic acid conmiences at once, which 
continues for some time at a uniform rate, 
then diminishes, and idtimately ceases alto- 
crether. When this point is reached, put tin? 
tlask J in wat(!r which is so hot tliat j'ou can 
only just bear vour fing(w in it for a sliort 
time (temj). hO® to h.b^), Wlien tlu' renewed 
evolution ()f carbfniio acid to which ibis ]»ro- 
ceeding has given rise lias again ceased, open 
the wax stopp('r, />, on the tulxg u, a little, 
remove the flask from tlie watau’-liath, and 
apply suction to (/, by moans of an hidia- 
rnbher tuiie, until all the carbonic acid still 
linitering in the apjiaratus is lacpl; ic(>d ])y 
!itmos|)heric air. Im.'t the ajiparatus cool; 
replace it now on tbe balance and add weights 
until the eipiililirinm is rc'stored. Tln^ weight 
added gives tine fpianlity of carbonic acid 
('\'p(dl(‘d. For each e(p acid used, 2 e(j. carbonic acid are obtained ; c.7., 
Na 0, 2 (1 ()„ + N f ■ i\a C), N ( t- 2 C O.,. The results are siitisljictorv.f 
The (jiiiintity of the acid slionld, when practicab]<‘, lie so adinsle<l as to 
liroduce 1 to 2 grm. carbonic acid. This neuliod deserve-s tlu; ])rcforenoe 
over method H only in tlu! cast; of colored fluids in which the litmus 
reaction cannot b(> distincth^ oliservcd. Instead of determining the c;ir- 
hoiiic acid by the loss ol wi.dglit of'tlu' ajijiaratns here mentioned, you may 
of course adojit the method described ]). oOO, c. 



2. Estimation of 



FUKi' Alkam and Alkaline Cauuonate 
(Alka limetky). 


A. Estimation of IhiTAssA, Soda, or Ammonia, from the Sff.oific 
'■‘Avitv uf their Solutions. 

§218. 

pure or nt'arly pure solutions of liydrated soda or potassa, or of 
'‘'oiiioiiia, the percentage of alkali may be e.stimatod from tlie siiecitic 
of the solution. ’ 


qidte used may contain chloride of smliuni, sulphate, i^c. ; hut it must 

^'^**'** neutral carbonato ; tlie quantity must be more than sufficient to 
the acid in the flask. 

Alkalimetry and of determining the Commercial Value 
hulloolr *2,*' ,^«'»l^‘''ne8e, by Drs, C. 11. Fresenius and H. Will. Edited by J. b. 

laylorand Walton, 1813. 



594 


SPKCIAL PART, 


[§ Sil8. 


TABLE I. 


Percentages of Anhydrous Potassa corresponding todiffcront spodfic 
gravities of solution of potassa. 


Dalton. 


Tunnermann {at 15°) 

Percentage 
ot iinhj’dious 
P'tias.sa. 

Specific 

1 gravity. 

Percentage 
of anhydrous 
potassa. 

1 

; Specific- 
gravity. 

Percentage 
of anhydrous 
potassa. 

Specific 

gravity. 

1-60 

46-7 

; 1*3300 

28-290 

1-1 137 

14-145 

1-52 

42-9 

, 1-3131 

27-158 

1-1308 

13-013 

1-47 

39-6 

1-2966 

26-027 

1-118-2 

11 •882 

1-44 

3t>-8 

1-2803 

24-895 

1-1059 

10-750 

1-42 

34-4 

' 1-2618 

23-764 

1 •09;'.8 

9 -6 19 

1-39 

32-4 

1-2193 

22 632 

1-0819 

8-487 

1-36 

29-4 

1-2342 

21-500 

l-()703 

7 ’355 

1-33 

26-3 

; 1-2-268 

20-935 

1-0589 

tj-'24 

1-28 

23-4 

i: 1-2122 

19-803 

1-0178 

5-()02 

1-23 

19-5 

ll 1-1979 

18-671 

1 •()3t)9 

3-961 

1-19 

16-2 

: 1-1839 

17-540 

1-0260 

2’ 829 

M5 

13-0 

1-1702 

16-408 

1-01.53 

1-697 

1-11 

9-5 

1-1568 

15-277 

1 1-0050 

0'5658 

1-U6 

4-7 
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TAIiLE II. 

Percentages of Anhydrous Soda corresponding to dilferoiit specific gravitii 
of solution of soda. 


Dalton. 


! Percentage 
; ofanl.y- 


1-56 

P50 

1*47 

1*44 

P40 

l-3<) 

1-32 

1-29 

1-23 

1*18 

112 

lOG 


41-2 
3G-8 
34 0 
31-0 
29 0 
26-0 
23-0 
190 
160 
13-0 
9-0 
4-7 


Tunnermavn (at l.V). 


,, Percent^e 

Speciitc c 

ot aiiQIF 
gravi y. soda. 


1 *4285 
1-4193 
1-4101 
1-4011 
1 -3923 
1 •3836 
l-37r)l 
1-3668 
l-3.'>86 
l-35().'l 
1 -3426 
I -3349 
1-3273 
1-3198 
1-3143 
1-31-25 
1*3053 


30-220 
29-616 
29-011 
28-407 
27-802 
27-200 
26-594 
25 989 
25*385 
24 780 
24 176 
23-572 
22-967 
22-363 
21-894 
21-758 
21-154 


Specific 

gravity. 

Percentage j 
ofaiihy- j 
Irons soda, j 

1 

Spccitic 
gravity. ^ 

1-29S2 

20-550 

1-I5-28 

1-2912 

lit •'.*4 5 

!■ 14-28 

1-2813 

19 -3 41 

1-1330 

1-2775 

18-730 

1-1233 

1 -2708 

18-132 

1-1137 

1-2642 

17-528 

1-1042 

1-2578 

16’ 923 

1-0948 

1-2515 

16-319 

1 -0855 

1-2453 

15-714 

1-0764 

1 -2392 

15-110 

1-0675 

1 -2280 

14-5()») 

1-0587 

1*2178 

13-901 

1-()500 

1 -2058 

13-297 

1'0414 

1-1918 

12-692 

1 -0330 

1-1841 

12-088 

1 -0246 

1-1734 

11-184 ; 

1-0163 

1-1630 

10-879 

1-0081 


of Jlllll}'- 


10-2I5 

iciifO 

fl'liiii) 

7-253 

(i-OH 

1 'hOi* 

4 ”231 
;V(i2o 
:S'(i22 

2-413 
l-hKi 
J 2"2 
O'liOl 
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TABLE III. 

Percentages of Ammonia (N corresponding to different specific gravities 
of solution of ammonia at (J. Otto). 


Specific 

gravity. 

Percentage 

of 

ammonia. 

Specific 

gravity. 

Percentage 

of 

ammonia. 

Specific 

gravity. 

Percentage 

of 

ammonia. 

0 '9.51 7 

12-000 

0-9607 

9-625 

0-9697 

7*250 

0-9r)21 

11-875 

0-9612 

9-500 

0*9702 

7*1*25 

0-9r>26 

11-750 

0-9616 

9-375 

0-9707 

7*000 

0-9.') 31 

11-625 

0-9621 

9-2.50 

0-9711 

6-875 

0 '9.0 36 

11-500 

0-9626 

9-125 

0-9716 

6-750 

0-9.0 10 

11-375 

0-9631 

9-000 

0 9721 

6-625 

0 45 

11-250 

0-9636 

8-875 

0-9726 

6-500 

0-9550 

11-125 

0-9641 

8-750 

0-9730 

6-375 

0-9.'>55 

1 1 -000 

0-9645 

! 8-625 

0-9735 

6-2.50 

0-9556 

10-950 

0-9650 

1 8-500 

0-9710 

6-125 

0-9559 

10-875 

()-9654 

8-375 

0-9745 

6-000 

0-9564 

10-750 i 

0-9659 

8-250 

0-9749 

5*875 

0-9569 

10-625 1 

0-9664 

8-125 

. 0-9754 

5-7.50 

0-9574 

10-500 1 

0-9669 

8-000 

' 0*9759 

5-6*25 

0-9578 

10-375 i 

0-9673 

7-875 

' 0-9764 

5*500 

0-9583 

10-250 ! 

0-9678 

7*750 

: 0-9768 

5*375 

0-9588 

10-125 

0-96S3 

7*625 

1 0-9773 

5*250 

0-9593 

lO-OoO 

0 -9688 

7*500 

i 0-9778 

5-125 

0-9597 

9-875 

0 -9692 

7*375 

, 0*9783 

5-000 

0-9602 

9-750 



! 



B. Estimation ok the total Amount of Carbonated and Caustic 
Alkali in crude 8oda and in Potashes. 

Tlie ‘Csoda ash” of commerce is a crude cnrlionate of soda — tlie 
potashes” and “ pearlasli” a crude carbonate of potash. Tlie commercial 
J nine o( those articles depends on the percentage of alkaline carbonate 
(or caustic alkali) tliat they contain, wBicdi is very variable. 

lioro giv(‘ two methods of alkalimetry, based upon essentially 
y mint principles, vi/., a volumetric method, and a gravimetric method. 
’"to}ichl good results; the former, however, being more convmiient and 
txjelitious, is by tar the more commonly enijiloyed. As will lie seen in 
J --.., both methods are occasionally combined, in cases where it is wished 
^ olerinine separately the alkaline carbonate and caustic alkali. 


1. Volumetric Methods. 

o/Descroizilles mid Gav-Lu.ssac, slijhtlij modified .' 

§219. 

Tl * 

nietr’*- ^f lEi.s method is the converse of that on which the acidi- 

<'i(;i(J §^^'b basedy if we know tlu‘ quantity of an 

Ciiusiic strength, recpiired to saturate an uidaiown ijuantity ol 

of carbonate of potassa or soda, wo may readily 
s irom tliiis tho amount of alkali present. 
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[§ 219 . 

The process requires only one Iluid of known strength, viz. ;i -f l 
sulphuric acid. ’ ‘ 

This is now almost universally nuide of that exact strength tliut jo 
siiturate 5 grin, pure anhydrous carbonate of soda. ‘ ^ 

Tdie following is the most sim])le way of jirejiaring it: — 
a. l\lix about hO grm, concentrated sulphuric acid with .jOl) 

120 grm. with lOOO c. c. water, and let the mixture cool. ’ 

h. Weigh oir accurately f) grm. ])ure anhydrous carbonate, of m,,]., 
transfer to a tlask, dissolve in about 200 c. c. water, and color tlu' selmio 
blue with a measured quantity (I or 2 c. c.) of violet tincture of litiuu.^ 
(see p. 587, foot-note). 

N.ll. This instruction is addressed only to those who do not uei-d 
on delicate balances. Wlu're chemical balances are used as m 
chemical laboratories, it answers tlu; purpose much better to jiridi,. 
gently in a platinum crucible between T5 and 5 grin, cai ljonate ol 
soda, idlow to cool under the desiccator, and then weigli accuratelv 
Transfer the carlionate to the llask, and weigh the crucible; in tins 
manner the exai't quantity of carbonate of soda in tlie Hash is most 
accurately ascertaimol. An experienced chemist, accustomed to the 
use of a dedicate balance, performs this jirocess with gri'iiter liicility 
and exjiedition than tlm other; tlu‘ results are also tin- moia,! reliahle, 
as the substama? is wa.dglu'd iii a covered crucible. If several |)ortioiis 
are to be weiglied one after another, transli'r the ignited salt while 
still hot to a test tube provided with stopper, weigh, slialo; out a 
suitalile ([uanlity, weigh again, tVc. The alkali to Im examiiuHl is 
allerwards weighed in the sjune manner as the pure carbonate of 
soda. 

c. Fill a 50 c, c. Imrette up to tlu^ 0 mark wdth the cold dilute arid, 
and alK)W it to How into the s<dution of soda, until conqilcte saturation is 
etl’ected (see below), ddiis (‘X]M.Tinient should be made twice. If the 
([Uantlly of carixonate of .soda, was not exactly 5 grin., caiciilati' from 
the results obtained how much acid the saturation ol’ 5 grm. would have 
reipiired. 

< 1 , Dilute the acid remaining with a sutlicient (piantity of water to 
give a Iluid, of which ex.actly 50 c. are reijuired to saturali' 5 grin, cai- 
bonati! of .soda. Suppo.se it has taken in the oxj>erimcnts (c) Id c. e. ol 
tlie aeid to saturate 5 grm. carbonate of* soda, 10 volumes of water must 
1m: added to lO voluim's of the acid, ^fliis dilution of the acid is clleeted 
host in tlie manner deserihed j). 5s5. Test the dilute aidd now once more 
as above de.seribed. Keej) the standard aeid in widl stojijiered lioUlcs, m>'l 
shake bel’ore every mnv .sm'iics of oxjierimcnts ([>. 58(1). M'his standard mid 
.serves I’or the exaiiiinatioii ofcomnioii soda, j)earla.sb, and caustic alkahe>, 
the iiuniiM:!’ of half c. c. u.'ied gives directly tlie perceiitagi; ol alkaline e.m- 
Ixuiate or caustic alkali ])r(‘seiit, jirovideil the exjM'rimmit is made will' 
weighed (|iiantity of the subsOiiute e<juivaleiit to 5 grm. earboualc ol soiU. 
The lollowing table .shows tlie cipiivaleiit (piautith's: — 

50 c. c. of the standard acid sJiturate 5-000 grm. carbonate of aod.i. 

O 7 , i^*'-125 „ soda. 

„ „ (;-51i) „ carbonate ol 

„ „ 4-4i:l „ poUi.s.sa. 

Accordingly if wc take n-519 grm. of a wimple of pearlasli, the ; 

half c. c. used of the standard acid gives directly the percentage ol a a ,| 
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prossocl as carhonato of potassa ; if ^n'm. are taken, the number 

of half e. c. used of the Htarulard acid "ives tlie pereeiitage of alkali, cx- 
,.pssc(I as anhydrous caustic |)Otassa, &c. 

Ill tlic examination of substances poor in carbonated or caustic alkalies, 
^iniiltipki of (twice, three times, ten times, (^'c.)the fpiantities nrivon above 
isiisetl, the number of lialf e. c. rcMpiired of the standard acid being after- 
Avanb divided by the corresponding number. 

With respect to the jirocess, we liav(‘ still to consider the following 
points :• — 

1 . Dcterrmriatiori of the. point of mtvration. 

With caustic alkalies it is easy to neutralize exactly ; but in the case* ot 
alkaline carbonates, the liberatiid carbonic acid, which imparts a wine-red 
color to the Iluid, caus(as some difhculty. This may be overcome in two 
ditihrent ways. 

a. When you have added to the cold, or, as the case may be, already 
previously h(?atcd, solution ol’soda or jiearlasli contained in a llask, sutficient 
of the standard acid to iiiijiarl a wine-red color to the flui<l, lieat to ebulli- 
tion, with frecpient shaking : in jiroportion as the carbonic acid escajics, 
the fluid will change Iroin red to blue. If some more standard acid is now 
lidded to the nearly boiling Iluid, the vessel being occasionally rejilaced on 
till! lain]), it is (asy to hit the exact point ol‘ saturation, or, more correctly 
speaking, of beginning sipicrsitturation, wddeh is indicated by the red color 
of the Iluid, slightly inclining to yellow. 

I). The ]K)int of saturation may be attained, also, though not with tin* 
Willie degree of accuracy, without a[>plying heat. A rather ca})acious llask 
i.s indisjK'nsable in this experiment. After every fresh addition of standard 
acid, the fluid is carefully au<l vigorously shaken. The addition of the 
standard acid may be continued as long as the red color ol the fluid con- 
tinues to show a tint of viidet. When the [loiiit ol‘ saturation at last 
ajijiroaehing, the acid is addeil more <‘autiou.sly, two drops at a time ; alter 
every fresh addition, a glass rod is dij»j>ed into the fluid, and one or, biUti'r, 
two s[)uts made with it on a slip of line blue litmus jiaper, the vidume 
li(‘ing read off each tinny and tlu* number marked bi'Uveen the spots, 'fhe 
oporatidii is continm.'d in this way until tin' sjiots on the litmus jiujicr 
:i()liear positively red. 'fhe jiapor is thou allowed to dry, and thnl lowest 
iiutiiher is taken for the correct one where the spots between which it is 
marked just remain red. 

it he home in minify as ii rule, thnt the stamfiinl nenf must he tested hi/ 
tliii same im thoil irhich it is intended to use suhseipo iit/i/ in the octiod o nidi/sis. 
for this reason a standard sulphuric, hvdrochlorie, or oxalic .acid, as prepared 
m'curding to the directions of § ‘ilo, cannot be emphiyed for the direct and 
iniiuediate estimation of the alkalies. 

With reifiird to the' e.vnminiitiou of peeirfash hif this method^ the follow- 
ing points deserve attention : — - 

The various sorts of pot^ish of comim*rce cont.ain, besides c.arbonato ot 
(mid caustic) jiotassa, 

Neiitrid sidts {e.i/., suljihatc of potassa, cldoride of potassium). 

h- Salts witJi alkaline reaction (e.7., silicate ol potassa, phosphate ot 
potassii), 

Wlmixfures insoluble in xcatcr^ more cspecitilly carbonate, phosphate, 
silicate of lime. 
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The salts named in a exercise no influence upon the results, 
those named in b and c. Those in r may be removed by filtration- 
the admixture of the salts named in b constitutes an irremedinhlo ft 
slight source of error: — tliat is to say, if it is <lesired to eonfiini the detf ^ 
mination to the caustic and carbonated alkali. But as regards tlio esiini*^ 
tion of the value of pearlash for many purposes, the term error caiiiiot 1 
applied ; as, lor instance, in the prejiaratioii of caustic potassa, hj hoiljf 
the solution with lime, the alkali combined Avith silicic acid and witj 
j)hosphoric acid is converted, like the carbonate, into the caustic, state 

If you are not satisfied with finding the jiercentage of availahlo alk'tli 
but desire also to know wh(.‘ther tlu* n'maiiider consists simply of idu iirj'i 
salts, or whether water is also present, the determination of the fitu,- 

substance (after p. (lOl), u)must ])recedethe alkalimetric examination. The 
s lino remark tipplies also to soda. 

o. With irt/ard to thv ejutmuKtiion of so(bi bf/ this method^ the folloAvinrr 
jKunts deserve attention : — ■ ° 

The soda of commerce, prepared by LKim.XNc’s im'thod, contains, liesidrs 
carbonate of soda, always, or at least generally, hyilrate of .soda, siil|hat(‘ 
of'soda, chloride of .sodium, silii-ate and aluminate of soda, and not .sddom 
also sulphide of sf)dium, hvj)osulphite and sul]»hite of’soda.* 

The thr< c last-nanu-d substances inqiede the jn’oce.ss, and intcircri! moie 
or le.ss with the accuracy of the results. Their presence is ascertained in 
the flillowing way : — 

d. Mix with sulphuric acid; a smell of sul]»huretted hvdrogen reveals 
the pre.sem'c iA' sat phidr of sodium^ with which hy])osul]diitc of .soda is also 
invariably a.ssociated. 

/>. Color dilute sulphuric acid with a <lrop of .solution of jicrniangmate of 
pota.-^.sa or chromate of potassa, and add some' of the .sod;t under examina- 
tion, Iwit not suflieient to neutralize the acid. If the solution retains ils 
color, this provics the ab.sence of both suljdute and liyjaisiilpliite of soda; 
but if the fluid lo.ses its color, or turns gre-en, as the c;i.se may be, uncut 
the.se salts is pre.seut. 

c. Whether the reaction described in h proc<‘e<ls from suljihiti' or livp"- 
siilphlte of .soda, is ascertained by- supersaturating a clear solution ot tin' 
sample under mxaminatimi with hydroclihu’ic acid. if the soliitiuii, atlcr 
the lapse of some time, becomes turbid, owing to tin.! separation ot siilfhiir 
(emitting at tin; .s.'tme tilin' the odor of sulphurous acid), this may l»c 
regunh-d as a [iroof of the j)resen<-<‘ of hy posulphiti; of soda ; however, llic 
.solution mav, l>e-sides the hyjiosuljthite, id.so contain sul|diiteol soda. ith 
nispect to tlie dc-tection of suljdiite of* .soda in the presmico of ]ijpo.sulfliiii'> 
comp. “ (^Mial. Anal.,” p. Ibl. 

T’ho defi-cts arising from the ]»re.sence of the tlirei! compounds in rpie.slK'a 
may be reme<licd in a measure, by igniting the weighed sample ul the seih 
with chlorate of j^ota.ssa, before proceeding to .saturate it. 'J’his operalieii 
converts the sulphide of* .sodium, hyposulphite of soda, and sidpliitcol 
int<) sulphate of .soda. Ibit if hyposulfddt.e of .soda is present, the ]>iuu>'’ 
.serves to introduce another .source ofi'rror, as that .salt, U])on its cunvcnsuii 
into suljihate of soda, decompo.ses an ecpdvaieiit of carbonate of sud;i. 
expeds the carbonic aei<l of the latter [NaO, f 1 O (from the ehlunf*^ 
of j)oUiss:i) I- i\a ( ), CO, .. 2 (Na ( ), S( \) ( K ),]. 

The presence of .silicate* of soda and of aluminate of soda may be 
* Traceg of cyanide of sodium are also occasionally found. 
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'illy recogniflcrl hy the separation of a precipitate as soon as tlic solution is 
Iniratoif wit5 acid. IT you intend tlic resrdt to express the (piantity of 
(.■iihoiKited and caustic alkali oidy, tlie presence of tliese two bodies becomes 
,,\,]i<rlit source ol' error, but if you wisli to estimate tlic value of the soda 
fur iiwiiy purposes, no error will be caused. Comp. 2. 

§ 220 . 

Method of Fit. Moiiu. 

Instead of estimatinp^ the alkalies in the direct way by means of an acid 
of known strength, we may (istimate them also, as j)roj)0.sed first by 
Fi;, MoHI!,* by sujx'rsatiirating with standard acid, expelling the carbonic 
acid l)j boiling, and finally determining fjy solution of soda tlic excess of 
■standard acid added. 

This prin’css gives very good results, and is therefore particularly suited 
for suientific investigations. It re(juires the standard fluids mentioned in 

215, viz., a normal acid and normal solution of soda. Each of these 
j iluids is filled into a Momfs burette. 

The process is a.s folhnvs : — 

Dis.solve (lie alkidi in water, and color the solution slightly blue Avith .a 
measured (pianlily of tincture of lit mus ; run in now as much of the normal 
iiciil as will snflic(' to impart a violet tint to the fluid ; then boil, add more 
acid, until the color is distinctly ycdlowish red, then a further rpiantity, to 
tlic next c. c. line, ddie alkali is now decidedly supersaturated; remove 
j tlio last tract's of carbonic acid, by boiling, shaking, blowing into tlie flask, 
j and tiiudly sucking out the air. 

I Now adtl standard solution of soda, drop l)y drop, until the color just 
[ a|)])0:irs light liliu'. If' tint alkaline fluid is fia'c from carbonic acid, and 
I only dightly colort'd with litmus, there is no difliculty in determining the 
exact point, at which the re.action is com])leteil ; whereas, if the reVer.se is 
tlic case, this point cannot be detennim'd with accuracy, as the blue tint 
just imparted to tin' fluid by the solutiott of soda for sonn.' time continues 
to change again to violet. 

If the standard solution of soda and the normal acid are of corresponding 
i^frengfh, the number of c. c. used of tin' soda solution is simply deducted 
h'uiu th(' number of c. c. u.sed »)f the acid. The remainder ex|>resses the 
iiuaiiiity of acid neutralized by the alkali in the examined s;nnpli'. If the 
two standard fluids are not of em-ia'spoinling .strength, the cxee.ss of acid 
U'l'lcd, and suhse(pi(-utlv neutralized by tin* soil.a solution, is calculated 
h’*>iii the known projiortion tin' one bears to tlie other. 

/() ^’4. number (II 1) of grammes, have been weigbed of the alkalies 
to In; valued, of soila aeeordiuglv, Ted gnu., ol' pearla.sh f)‘91 grin., the 
iiunilici* ofc. e. used of the normal acid ex]>n'sses din'etly the ]H'reentage of 
'‘Ohoiiat,, of soda or earbojiate of ]H)tassa contained* in tlio examined 
Miiiph;. since 100 c. c. of the normal acid, containing oep grin, acid will 
J'‘^t sufllcc to neutralize etp gnu. pure carbonate of soda or carjionate of 
Massa.j If .j,,y other (piantilies of the alkalies b.ave been weighed off, a 
^uiiple calculation will gi\u' the result in the desired form. 

niak(> this sini|)l(‘ calculation ipiitc clear for all possible cases, I select 
o( the most comjilicated kind, proceeding upon the sn])]iosition that 
‘u soda solution is not of corrc.sponding strength with the normal acid, but 

* Aunal. d. Chem. u. rimriu. 8G, 129. f Of 100 per cent. 
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tliiit 2 ’2 c. c. of the soda solution iioutralizc 1 c. c. of tlio acid ; m,,! 
instead of eq. grin., dw 1 grm. of iiearlasli liave been weiglied oif 
Tlie quantity of atad added was 4H c. c. ; tlie excess rccjuirod d 
of soda solution for neiitjalization. The proportion 
2-2 : 1 : x ; x=^ 1*05 

sliows tliat the excess of acid was 1*05 c. c. ; 48 - 1 *05 ^ -1 0-05 c. c. of the 
acid liavc accordingly been consumed by the pearlasln Tin; |)ro|)oriion 

3*71 : 40*05 ::C*01 eq. KO, COJ : x ; a -85*77 

shows tliat the examined pcarlash contains 85*77 per cent, of tlio imrc 
carbonate. 

With regard to certain variations from the ordinary course vliieli arc 
occasionally convenient, comp, p, 500. 


II. it raviinetric Method of Fiucsknius (tnd Will.* 


§ 221 . 

In this method the quantity of alkaline carlionati^ contained in a saiiijilo 
of commercial alkali is calculated from the amount of c.arbonic acid disen- 
gaged from it. Its ajiplication demands therel'ore that all the availaMc 
alkali bo [a’csent in the form of a neutral carbonate, and that the snhslanic 
contain no other carbonate besides this. If the samjde undec oxaiiiiniition 
tails to satisty these conditions, they must be brought about in the groper 
manner. 

The determination of the carbonic acid is elFected in the way descrihed 
j). 207, (((( (you may of course adopt smne other method, for iiistanei, 
that given p. 300, c). The llasks of the .'q>paratus, illustrated in fig. f'J. 
should not be too small: A should hold Irom 2 to 2.1, li rroiii 1 to 
2 ounces of w:iter. Though not absolutely iieces.sary, it is always advisaMe 
that a water-estimation should precede the determination ol‘ the caihonie 
acid. 

1. Kxinnimition of Pear Josh, 
a . Deteumination of the Water. 

Weigh 8 to 10 grm. ol‘ the substance in a covered iron or jdalinuni dish, 
remove the cover, heat gently I'or a long time', till the whoh^ of the water is 
expelled (till aqueous va[>or ceases to coiuh'iise on a jfiece of window 
glas.s ludd over the specimen), cover the dish, allow to cool under tlio 
desiccator, and weigh. 44ie loss ol’ Aveight indicates the (piaiitity ol wiitir 
that has escaped. If you have weighed oil* exactly 10 gnu. tlic dcri- 
grammes of water lost expresses at once the percentage of water in tin' 
sample. 

h. Determination of the Caiuionic Acid. 

VVTugh off f)*283 grin, of the anhydrous residue of u, and detennino tla 
carbonic.acid contained therein, as directed p. 207, an. Divide by 2 tlie 
number of centigrammes of carbonic acid disengaged: tlie result express'^ 
the percentage ol’ carbonate of ])ot;i.s,sa contained in the examined .saiig'h'. 
Suppose G*283 grm. of pearlash have given 1*80 grm. carlionic acid (ii"'*' 
weight of the apparatus), the examined sanqilc con- 
cent. of carbonate of poUissa. If you prel'er weighiif- 

* Comp, the pamphlet meutioued in the foot-note, p. 51)15, whore the method will he 
found dooci'ibed in detail. 


cated liy the loss ol 
Uiins d 30 iier < 
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ofT an indefinite quantity of ])earlash, you Iiave to ealciilate subsequently 
from the results obtained liow much carbonic acid G-28;> grm. of pcarlash 
\vould liave given. 

li' the pearlasli cotitains carbonate of lime, which, however, is only very 
rarely the case, dissolve in water, filter, concentrate the filtrate by evapora- 
tion, and then proceed in the manner just now directed. In presetice 
of sulphide of potassium and caustic potassa, proceed as with soda under 
thu same circumstances (see 2). 

2. E.imnination of Soda. 

The general melhod is the same as in 1 ; 4-817 grm. of the anhydrous 
roslclue are weighed off instead of ()-283 grm. The nundier of centi- 
^rrainmcs of carl)onic acid disengaged is dividial by 2, and the (piotient 
expresses the percentage of carbonate of soda in the s;iMij)le. 

If a tioda rontauis su/jdude of sodimu, stdidiilCj or li?/posiilj)hite of soda^ 
or chloride of sodiinn in considerable ({uantity, the injurious influeiico 
ofsneli bodies is counterticted as de.scribcd, p. 21)8. 

If the sod(f. 'luider etcanii nation contai/i-fi raufitic soda, which may be 
detected by the alkaline reaction manil'ested by the solutioji of the sanqde 
lifter addition ol chloride of barium in exce.ss, the water- estimation 
ivinaiiis as btd’ore, but the detca-miii.-ition ol’ the (nirbonic acid requires the 
previous conversion ol’ the hydrate of soda into carbonate. I’roceed as 
tbllows ; — 

W(;igh off 4-817 grm. of the residue of the water-estimation and tritu- 
r;it(i ill a mortar with 3 or 4 j>arts of pure (piart/ .sand, and about of car- 
boiiiite ol ammonia in jiowder; transfer the mixture to a small iron di.sh, 
and rinse the mortar with simd. IMoisten the ma.ss in the dish with as 
iiiiich water as it can absorl) ; let it stand a short time, and then heat 
'Tciitly until th(! water is comj)Ietely expelhal. ddie residue now no longer 
(.'oiitaiiis the least trace of carbonate of ammonia. If the soda under 
(-‘Xaiiiination contains sulphide of .sodium Ixssides caustic sotla, the mass in 
tlic dish is moistened with solution of cau.stic ammonia instead of water, to 
dlbct the reduction of the sesquit-arbonatc of ammonia to neutral car- 
I'oiiate 5 otherwise sulphide of amnionium would be formed, and jiart of 
iJk; sulphide of sodium convertaMl into carbonate of soda. 

^Micn the ma.ss is cold, tran.sfer it from the di.-^h to the flask A (which 
may he readily elfected with tlie aid of a. spatula); rinse the dish with a 
little water. Coiuluct (he rest of the j»roces.s in the usual way. The 
Jtdditloii of .sand is intended to jirevent tlu; caking of the ma.ss, and the 
parting which would otherwise atUuid the exjudsion of the water, unless 
fiit' greatest caution were used in the procc.-^s of heating ; moreover, the 
I'crleet removal of the dried ma.sa Iroiii the dish would be rather dillicult 
l*tit far the Kind. 

dhe latter ojicration (viz., the transfer of the ma.ss from the dish to the 
may be still more liicilihited by coating the inside of the dish with 
Siiiid previously to the introduction of the mixture ; this is cflected by 
^‘mistoning the inside of the dish with water, throwing Kind into it, and 
‘^'mkiiig out the aiqierlluous (piantity. 


There now still remain two questions to be considered, which are of 
^^fl^ortaiicc for the estimation of the comincrcial value ol' potash and soda. 
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The first concerns tlic separate determination of tlie canstie alk.ali ^v]li(.] 
the saniplo under examination may contain besides tlie earhoiinto • tk, 
second, tlie determination of carbonate of soda in presence of curboir t . 
of potiissa. ' 


C. Deti-rmination of the Caustic Alkali which commercial Alk\li 

MAY CONTAIN RESIDE THE CARBONATE. 

Many kinds of potJishes and crude soda, more cspec'ially tlie letter 
contain, besides alkaline carbonate, also caustic alkali ; and tlie clicinist is 
often called u])on to determiiK! the amount of the latter; as it is, iitr 
instance, liyno means a m;itter of indiircrence to the soap-boiler how hhk Ii 
of the soda is su])])lied to him alr(*ady in the caustic state. This ia;iy hr 
efiected most simply by eoml)iniug the method described in § 210 or in 
§ 220 witli the one given in § 221, /.c., determining by one ol' tlu! iijnnor 
the total amount of caustic and carbonated rdkali expressed in jier-ecnts ef 
carbonate ot‘ soda or carboiiate of potassa, and estimating by tlie kilti-r— 
of course without previous treatment with carlxmate ol‘ aininoni.a^-tlu; 
quantity ol' carbonic^ acid, and therefore akso of alkaline carlioiiate. The 
difibrence between the results of the two processes indicati's the ([iiaiility of 
alkaline carbonate' corre'sponding to the caustic alkali ju-eseiil. To oalciilato 
the carlionate of soda into anhydrous caustic soda, it is multiplied hy 
0-o84!l ; to calculate it into hydrate of soda, it is multi})licd by Ouol? ; to 
calculate the carbonate of ))Otassa into anhyalrous caustic potassa, it is 
multiplied by 0*(hSl7 ; to calculate it into hy drate of jiotassa, it is iniilti- 
jdied l )y baSHll. 

It will be readily seen that this object may also be attained solely hy 
the metho«l given in § 221, by'' determining in e//c weiglieil saniplo tlie 
carbonic acid at once, in another after treatment with carbonate of 
anmioniu. 

The same olojeot may also be attained in a pundy volmnetri(’ way, by 
the aid of the principle, which we have already made use' of for testing tlie 
coiniiKsrcial carbonate of .soda for the caustic; alkali. 

AVeigh olT y’,- eq. grm, substance; of potashes accordingly, 2b‘7‘> grm., 
of soda 15'!) grm.; dissolve in wnater, in a flask holding d(H) c. c., 1111 n]) to 
the mark, shake, allow the fluid to dejiosit out of contact of air, ami tiike 
out two ])ortions of 100 c. c. (‘ach. Detc'rmine in the one portion tlu; 
total fpiantity of the carbonated .and (;austi(; alkali, as directed ^ 220; llir 
numl)er of c, c. of nojanal acid used exj)ress<'s the amount o( causin' 
alkali -f alk, aline carbonate, in pc'r-cents of the latter. MTansler llir 

other ])0rtion to a measuring flask Indding dOO c. c., add lOtf c. c. ol watt u 
then solutitm of chloride of liarium .as long as a juecipitato forms, add 
water up to the mark, shake, .alhuv to deposit out of contact of an', 
measure off 1 00 c. c. of the suj)ernat.ant ch;.ar llujd — which now contain-^ 
cau.stic baryta in correspomling (pi.antity to the caustic alkali [»reseiit in 
sanijile — add .some tincture (jf litmus, then uorm.al hydrocliloim; acid to ai i' 
reaction.* Neutralize the excess of acid byMiormal solution o( soda, am 
you will find the c. c. of uorm.al a(;id that Inive beeji laajuired Iiy tb' 
cau.stic baryta. Multiply this by 3 (a.s oidy of t-lie si'cond portion lia> 
been employed in the experiment) ; the result gives the ])crcciitagc ol 

* Filtering tlirougli a dry filter causes the caustic .alk.ali to co»nc out >’‘^dier tj' 
low, as the paper retains cJiustic baryta (A. Muller, Journ. f. prakt, Cbeia. 83, > 

ZeitHchrift f. aualyt. Chem. 1, 84). 
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§ 223.] 

caustic alkali, expreasod aa carboruite of soda or potasaa. Deduct this 
lUiiiibcr ironi tlie percentage olUaiiHal in the first ex))erirnent ; the differ- 
ence gives the epiantity oi carbonate of potasaa or soda prescait as such. 

calculate the caustic alkali into the anhydrous or hydrated state, it is 
only nccessiiry to niultij)ly by the numbers given in the lirst inetliod. 


L). Estjmation of Carbonate of Soda in presence of Carbonate of 
Potass A. 

Soda l)eing much cheaper than ])otash, is occasionally used to adulterate 
the latter. The common alkalimetric methods not only fail to detect this 
adulteration, but they give the admixed soda as carbonate of j)Otassa. 
Many processes* have been ])roposed for estimatijig in a sinq)le way the 
,m)da contiiined in i)otash, but not one of theiii can be siiid to satisJy the 
lequirernents of the case. 

The following tolerably expeditious process, however, gives accurate 
results: — Dissolve ()‘2o grm. of the gently ignited pearlash in water, filter 
the solution into a (piarter-litre llask, add acetic acid in sligTit cxce.ss, ap])ly 
a guiitlc! heat until the carbonic acid is cxjxdlcd, then add to tlie Iluid, 
while still hot, acetate of lead, drop by drop, until the Ibrmation of a })re- 
cipitjite ol sulphate ol’ l(‘ad Just ceases; allow the mixture to cool, add 
water up to the mark, shake, allow to de])osit, filter through a dry filter, 
and transfer 2()U c, c. of the liltrate, corresponding to 5 grin, of pearlash, to 
a -litre flask. Add sulphuretted hydrogen water up to the mark, and 
shake, ll the acetaU^ of h-ad has been carefully added, the Iluid Avill now 
smell ol suljdiuretted hydrogen, and no longer conUiin lead ; in tlie 
cuiitrary case, sidphuretted hydrogen gas must be conducted into it. 
After tlio sul[)hide of lead has subsided, filter through a dry filter. Eva- 
porate aO c. c. of the filtrate (corre.s])onding to 1 grm. of pearlash) with 
addition of 10 c. c. hydrochloric acid, of‘ l-lO .sp. gr., in a weighed pila- 
tiiiuin (li.sh, to dryne.ss, then ('over the dish, licat, and weigh ; the w'eight 
loiind expresses the total ([uantity of' chloride of piotassium and chloride of 
sudiuMi given by 1 grm. of the juairlash. E.stimate the potassa and .soda 
now severally in the indirect way, l)v determining the chlorine volumetri- 
cally(§ 111, L, b). For the calculation of the results, .see § 200. 


d. Estimation of Alkaline Earths by the Alkalimetric Method. 

§ 22 ;]. 

Alkaline earths, in the (’austic’ state or in the form of carbematos, may 
a >0 he (!stimated by means of a standard acid. Standard .snlplmric acid 
ni<n he ii.scd for the estimation of magnesi.-i ; standar<l hvdrochloric or 
^‘itiie arid for that of. baryta, sironlia, and lime. To jmeptare 1 litre of 
'viinal iiitrie acid you najuirc a pure dilute nitric acid of about FO l sp. gr. 
also a normal soda solution (or at h^ast a soda solution Avbo.se relation 
normal snljdnirie, liydroehloric, or oxalie acid is exactly knoADi). 
yll a Alonifs burette Avitli the nitric acid, mea.siirc oti‘ 20 c. c. ; color 
^'gTly red Avith tincture of litmus and add normal .solution of .soda from 
burette till just blue. Kejieat the (‘X])(‘riinent. Sup])oso 20 c. c. 
•>()' have recpiiiT'd 24 e. c. (jf normal soda solution, add to every 

volume.s of the acid 4 volnnu'.s of Avatcr. For the proper Avay of 

* Comp. Uandwortcrbuch Jer Chemie, 2 Aufl. I. 443. 
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effecting the dilution, see p. .587 (Projumition of Xonual Sulplmri,. Vo'!^ 
Afler diluting, measure off 20 c. c., and neutralize with the normal ,soluti( 
of soda, of which it must now take exactly 20 c. c. 

Tt will be well just to verify tlui normal nitric acid in l,ho t,.. 
directed, ]>. 587, hh. " 

The oidy advantage possessed by normal nitric over normal hydrodiloj.;,. 
acid consists in the Diet that a fluid containing free nitric; acid is loss 
to lose acid on boiling than a fluid containing free hydrocliloric aiiil 
IIow(;ver, if the operation be conducted as it should be, /.r., if tli(> excess 
ot acid is only very small, when the fluid is heated to boiling, then hydro- 
chloric acid may be em])loye<l without fear of loss. 

If the alkaline eartli to be e.stimated is in tin; caustic st:ite, weii^h off .j 
definite quantity, add Avater, then, from a burette normal hydrochloric 
or nitric, acid, until solution is effected, and the fluid, colored with litiinis 
appears red; now add soda solution until the color just ‘dinnms to hhio ■ 
deduct the sotla solution added from the acid, and calculate by tho 
])roportion 

loot) (e. c.) : the number of c, (;. of acid used 


7f!-5 (eq. baryta), 51-75 (eq. strontia), 28 (eq. lime) or 20 (eq. ]nagnr.fni) 
; ,c (grm. of baryta, strontia, lime, or magnesia). 

Should there be a failure the first tirm* in d(d(;ninniiig the exact point 
at whicli the fluids turn hluo, add another e. e. of the acid, and then again 
solution of soda until blue. 

In the case of carbon.'iles of tho alkaline earths, h(>at a Avc'iglicd (]iiantity 
of the sanqile, in a flask, with water; then add, from the Inirette sinall 
portions of normal hydrochlorie f)r nitric acid. A\dien solution is cfrccinl 
and tho acid is eonsecjnently in excess, add tinctiire of litnuis, tlnn normal 
soda solution, till only a small excess of acid remains, say er 1 v. c. 
Heat to boiling, sliake tin; liquid, ainl (‘ontinne l)()iliiig for some iniiiiilcs, 
to (!Xpol the earhonic acid eomjdetely from the fluid and flask ; finally adl 
soda until just Idm*. ItlOO c. c. of the normal acid corresjjond l(t 
grm. carbonate of l)aryta, 7'>'75 grm. carbonatf; of strontia, 5(1 grin, car- 
bonate of lime, or 12 grm. carbonati; of' magnesia,. 

Ily weighing off tlie or (mj. (II - 1) grm. of tlu' cansfic; or car- 
bonated jilkaline oartlis, tin* nec('.ssity of a ealenlatioii of the results is 
altogether disj)erised witli ; in the former (*a.s(', tin* nimiber of c. e,, in th'‘ 
latter that of half c. c. used of the normal acid, (expresses llie j)oreeiitai:e 
required. 


4. An.alysi.s of Black Ash. 

§ 224. 

Tho analysis of “ bla(;k ash” (the fused product obtained in Lf.I’.lvxcs 
process), is not a very easy ta.sk, on account of tin; eoinplieataal nature ''1^ 
the substance, es[)(;!cially as tin; analysis would not give one much idea d 
tho nature (d’ the product, if it only yiehhjd the (piaiitities ol the eon- 
.stituerits, without r(;gard to the solubilities of' tho S(‘V(*ral bodiis. b" 
tin; analysis to be of importance to soda manufa(;turers, it must shew A\hat 
constituents j)ass into solution on proper extraction of the ash with Avatch 
and what remain behind. 
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ANALYSIS OF BLACK ASH. 


j fhe Examination is to he confined to the Bodies tvhich pass into 
Solution. 

Pulverize finely, transfer 53 (1 eq.) grin, to a flask holding 1000 c. c., 
to the neck with water of 45—50'"*, close well, and shake violently 
aiul repeatedly. After sonni hours, when the fluid has cooled to the mean 
J iiiperatLire, fill up to the mark witli cold water, close, shake, and allow to 

the solution are generally contained carlionate of soda, hydrate of 
Htula sulphide of sodium, sulphite of soda, sulidiate of soda, chloride of 
sodium, silicate of soda and aluininate of soda. 

It is frequently considered sufiiftient to determine, on the one hand, the 
sum of the soda compounds whi(‘h neutralize acid (these are ex])ressed in 
ipe e(piivalent (luantity of carhonaln of soda) and on the other hand, the 
sum of the sulphur eompoumls which convert iodine into hydriodic acid. 

Ill siudi case the lollowing experiments will suffice: — 

(i. 50 c. c. of the clear li(j (corresponding to 2-fi5 grni. substance) arc 
Uikcu out with a pipette and subjcctiul to the alkalimetric test (§ 220). 

Now *2d!5 - <'*h carbonate of soda, hence by doubling the c. c. acid 

used, you obLiin the .soda tc/iich has ncntralizcd the acid expreussed in per- 
euiits of carl)oiiate of soda. 

h. 50 c. c. are transfernMl to a flask, diluted with about 200 c. c. 
wiitur, and acetic acid cautiously’ added wdth cou.stant stirring, till the fluid 
has very nearly lost its power of coloring turmeric paper brown. The 
Iluid now contains acetate and bicarbonate of .soda. Add thin starch paste 
iiiid then .standai'd iodine solution (p. o2fi, 3) till jmst blue. The iodine 
iisol represfuits the annhined deoxidizing ellect of the sulphide of sodium 
and the sulphite if smla. 

If the analyst desires to iid’orm himself of the nature of tlie compounds 
wliirli ne.utralize the acid and which decolorize the iodine solution, the 
following additional determinations mu.st be made : — 
e. loo c. c. are transferreil to a I litre flask, ami nii.xed witli chloride of 
Ixiriiitn solution, as long as a ]»recij)llatt! forms; the flask is tilled up to the 
luui’k with water, and closed. After alh)wing to settle, draw off 250 
c. c. of the clear fluid, corresponding to 2'()5 gnu. sub.stance, and subject 
to the alkaliiiK'tric test (§ 220). The c. c. of normal acid used, multiplied 
hy 2, give the quantity of caustic .soda pre.sent, expressed in per-cents ot 
caihoiiate of .soda. This number multiplied by -7517 gives the porcentago 
ol hjidrate of soda. 

d. loo c. c. are mixed in a ^-litre lla.sk with solution of .sulphate of zinc, 
to which solution of potash has been added to rii-solution of the precipitate 
finst formed. Tlie zinc solution is added till a toh'rably strong preeipitate 
loriucd, and eouseipicntly the whole ot the sulphur of the sulphide ol 
«odium is preci|»itate(b i\ow fill with water up to tlie mark, elo.se, sliake, 
allow to settle, draw of 250 c. e. of the clear Iluid (eorre.spomling to 2-()5 
gnu. sulrstaiice), acidify with acetieacid, add starch paste, ami then standard 
iodine solution till blue. From the iodine usihI you can calculate the 
aniomit o( sulpltite. of soda (I eq. iodine - - 127 correspomis to I eip Xa (), 
«''>id froin the ditierenco hetweeii the iodine used here and in 5, 
you may find the amount of sulphide of sodium (I eq. iodine-- 127 cor- 
I'osponds to I cip Na S-^3D).| 

* Tho lixiviation is usually conducted at this temperature in the soda-works, 
t Hyposulphite of soda in presence of sulpliido of sodium in crude lies may be 
determiuod exactly in tlie same maunur. 
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e. Evaporate 100 c. c. witli addition of pure nitrate ofpotasli to dr > 
heat just to fusion, to convert sulphide of sodiinn and siilj)lnte of 
sulphate, dissolve the fused mass in water, filter into a 200 c. c H - V * 
cylinder, and determine in 100 c. c. (corresponding to 2-(;r) gnu. suh.sr^M 
the cJilonne in the chloride of sodium as directed § 1 11, />, a, and in n 
other 100 c. c. the sulphuric acid as directed § ld2. Eroni tha ainoi 
obtained of the latter, deduct the quantity which corresponds to the sulnl ' 
of the sulphide of sodium and of the sulphite of soda. 

J. Acidify loo c. c. with hydrochloric acid, evaporate to dr 


separate the silicic arid as directed § 140, II., a, and in the 
mine the alumina after § 105, a. 


'ynoss, 
itrato dt'ler- 


In the arrangement of the results combine the silicic acid and tlio 
alumina with soda to l\a O, Si and J\a (), Al^ respectively, reckon 
the soda of these com])Ounds and also of the hydrate of soda and the snl- 
jdiide of sodium into the equivalent quantities of carbonate ef soda and 
deduct their sum from the percentage obtained in a ; die remainder is the 
carbonate of soda actually jin'sent. 

If it is desired sinqily to determine tlie snljdude of sodium in soda lii's 
the following expeditions process given by liKSTKia.K* may bo used :- ]\Iix 
the lie to be tested with ammonia, lioat to boiling, Jiiid add standard aiu- 
moniaoal solution of silver, drop by drop, till the whole of tlio sulphur is 
just precipitated. When the point approache.s, filter off a ])orti()n, test it 
and [iroceed tlms, till on further addition of silver .solution, only a sliydit 
turbidity is produced. If the silver solution contains 2'7()8 gmi. purn 
silver, or 1-;I575 pure nitrate of silver, in the litre, each c. e. corrospomls 
to 1 mgrm. sulphide of sodium. 


II. The Examination is to include also the. Residue insoluble in Wuter. 


Digest 2(]*5 grrn. of the finely powdered sulistanee witli water in tlio 
manner (le.scribed in 1., in a flask holding .about 500 e. e. Alter several 
hours’ digestion pour ofl’tbe ele.ar and now cold lie tlirougli a ])laitcd filter 
into a I -litre lla.sk, and wash the residue with small (piantitic's of cold 
water, leaving it as much as possible; in the flask, and hasten iiig tlie opera- 
tion. As soon as the washings eornmenee; to render tin; lie tiirhid, leave 
off wa.sl ling, fill the flask containing tin; filtrate uj) to the mark, sh.ake, and 
preserve the fluid till you have leisure to examine it accuirding to 1. Now 
spread the filter without delay on a gla.s.s plate;, anel with a jet freiin the 
wash-bottle transfer the residue on the filter tliremgh the fuiiiiel to 
the fla.sk containing the rest of the re.sidue, wliieh is tlien to loriii part of 
the apjiaratn.s, fig. DiJS. 

a is the flask Jitst me;ntionc;d, b is a fuiine;! tube with a little merenrj in 
« the benel, the funnel being joiiuxl on with India-rubber can lie reiiiiovcd; 
the flask c and the U-tubes d anel e (;e)ntain a colei siiturated solution ol 
neutral acetate of copjier fre.'o from sulphuric acid, ,‘!lte)gothe;r not less tluiii 
500 c. c. ; /■contains pumice; saturateel with sulphuric aciel, anel // chloride 
of cale;ium.; h is a weighed (iKi.ssi.kk’.s potash Imlbs (see p. 177); i 
weigli(;d tube coriOiining soela-lime, and at the' te)p of tlie; exit limh ediloride 
of calcium (p. ■477); k is an unweighed giianl tnlie (xmtaining sexla-Iimc. 
When the apparatus is arranged, fill the funnel ol’ b with dilute' hydn>- 
cliloric aciel, and by sm;king at / cause it to enteT a. A lively evolution 
of gas immeeliately commeiie;eH, the; sulphurettcel hyelroge;n is al»se>rhcd in 
C* uud dj the fluid in e usually remaining u n preei pita ted ; f anel y retaiu 
• ZeitBcUiift f. aual. Chem. 2, 04. 
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the aqueous vapor, and h and i take up the earhonic acid. Add more 
hydrochloric acid as bcl'ore, till at last the decomposition ot" tlie residue is 



Fig. 108. 


coiiiplote. Heat tli(* iron plate, on which a and c stand, till tlio fluids boil 
ireiitly, [)Iaco d and e in a vessel witli hot Avater, re[tlace tlielimriel on b by 
a soda-lime tul)e, connect / with an aspirator, and draw about 0 litres ol 
uir through the apparatus. 

When cool, weigh h and and you Avill then learn the amount of cur- 
lonic acid ])resent. .(’ollcct tlie precipitated sul|)hidc of co[)per on a plaited 
filter, throw the filter and ])r<'ci|>itat«*, without any wa.shing, into a flask, 
(ixidizo with hydrochloric, acid and chlorate of ])otasli (p. make 

tlio fluid up to 1 litre, mi.\, and dcUumune in 1(H) c. c.. (corresponding to 
2'tt.) grm, substance!) the suljdiuric acid e(piivaleut to the sulphur in the 
residue as directed § lfl2. 

There still remains to examine the solution contained in the decomposi- 
tion flask. Filter it through a Aveighed (ilt<‘r into a litre flask, Avasli the 
residue, dry at 100° and weigh. 'FIka AVeight rejirc'sents the quantity of 
'^'Uid and carbon, ignite, and you will find the saud ; the difference is the 

carbon. 


Make the solution up to 1 litre, and mix. 

«. 200 c. c., corresponding to b-fl) grin, sulistance, are CA’aporated Avith 
iidditiuu of some nitric acid in a Avater-b.atli to drvnos.s, the s///c/c 
^^cid is separated in the usual manner, ami then the se.S(]uioxide of iron 
''ind alumina are precipitated by ammonia (§ Ifll, -1). When they are 
Moighed, fu.se with bisul[)hate of pota.sli, tnxit with Avater, and in the solu- 
hori determine the iron, volumetrically ; the alu/uino is found by (liflerence. 
‘1 the filtrate from the ammonia preci])itate determine the liiuc, and, if 
present, the uuvjnesia ; also the sodu^ Avhich is always present in the 
roddue in small ([uantity, according to § 200, 1 (p. bfll). 
ht tlie arrang(Mncnt of the results combine the iron Avith sulphur to 
o, the rest of the sulphur Avith calcium, the carlionic acid Avith lime, 
tile remainder of the lime 1 eq. i.s to be comluned Avith every 3 eq. 
^ phide of calcium to basic sul])hide of calcium 3 Ca 8, Ca O ; if a small 
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quantity of lime still remains, it may be put down uneombined, likowiso 
silicic acid, alumina, and soda, as it is difficult to decide in wluit fomi 
these bodies arc contained in the residue. 

As an example of tlni arrangement of the results 1 will adduce an analysi. 
executed according to the method described.* ' " 


Constituents of tho lie . . 


Constituents of the residue 


fNaO, COg. . 

. . . 31-982 

NaO, HU. . 

. . . (5-104 

NaO, Sitb . 

. . . 1-019. 

NaO, AL O. . 

. . . 1-080 

Na S . . . 

. . . 0-133 

NaO,S02. . 

. . . 0-216 

NaCi . . . 

. . . 0-288 


40-822 


f3CaS, CaO . 

. , 40-726 

Ca(hC02. . 

. . 10 ■234 

CaO . . . 

. . 0-5 16 

Fe S . 

. . 0-916 

. . . 

. . 0-377 

AbO, . . . 

. . 0-671 

Na 0 . . . 

. . 0-641 

U.-irbon . 

, . . 3 -.528 

bSanJ . . . 

. . 1-417 


59-026 


99-848 


5. ClILOIilMETRY. 

§ ‘ 220 . 

The “ chloride of lime,” or “ bleaching powder" of commerce, contains 
hypochlorite of lime, cdiloride of calcium, and hydrate of lime. TIk- 
two latter ingredients are for the most part combined with cue aiiotlior tn 
basic chloride of calcium. In Ire.shly prej)ar('d and perfectly iiorinal 
chloride of lime, the quantities of hypochlorite of lime and clileridiM.I 
calcium })re.sent stand to each other in tin? proportion of their eipiivalcnt.'^. 
When siieli ehloride of linuj is brought into contact with dilute snlpliuric 
acid, the whole of tlie eldorino it contains is liberated in the eleiiieiilary 
form, in accordance with tlui following e(piation : — 

Ca O, Cl 0 -f Ca Cl + 2 ( 1 1 O, S ( ) J - 2 ( Ca 0, S O J + 2 1 1 0 + 2 ( I. 

On keeping chloride of lime, however, the j>roportion l)etween liy])e(']ilenli. 
of lime and chloride of calcium gradually changes — the former de(-re:ises. tlie 
latter inereases. Hence from this cause alom;, to .say nothing of erigm:' 
difrerenee, the eommereial article is not of uiiilorm (piality, and on tioit 
merit with a(-id gives .sometimes more and sometinu^s less chlorine. 

Now, as the value of this article, which is extensively manufactiitedaii' 
sold, depends entirely upon the amount of chlorine set fri'c on trcatiiM''*^- 
with acid, it was very natural that ehemists slionld endeavor to 
some simple method of determining the avaiialtlc amount of cliloriuo in -nO 
given sample of bleaching powder. The various methods proposed vit | 
the view of effecting this object have collectively received the nanie o 

Chlorimetry. i so 

Tlie number of chlorimetrical metliods that have been proposctl 
great, that I cannot give all of them, Imt must confine myself to a dcsciip 

from tho works of F. Werrotte & Co., 


The samxdo of black ash was 
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tion of those which are^ distinguished either for the facility of the process 
pr for the accuracy of tho results, or which deserve mention from the 
circumstance that they are commonly emi)loyed. In the descrii>tion of the 
several methods, I shall have occasion to speak of their respective advan- 
t^iges and defects. 

IliEPAllATION OF TUE SOLUTION OF ClILORIDE OF LiMF, 

The solution is prepared alike for all methods, and this is done host in 
the folJowing manner : — 

AVeigh oil 10 grin., triturate finely with a little water, add gradual] v 
more Avater, pour tlie li^piid into a litre flask, triturate the residue a-aiu 
witli water, and rinse the contents of tlie mortar carefully into the flask • 
fill tho latter to the mark, sliako the milky flnid, and exam’iiie it at once i/i 
that state, l e., without allowing it to dciiosit; and every time, before 
measuring off a fresh i>ortioii, shake again. The results obtained with this 
turbid solution are much more constant and correct than when as is 
usually recommended, the fluid is alloived to deposit, and tlie (‘xiieriiiKUil 
isinado with the supernatant clear portion alone. The truth of tliis may 
mulily he proved by making two separate experiments, one with the 
ecantod clear fluid,_ and the other witli the residuary turbid mi.xtnre. 
Ihus, for instance, in an experiment made in my own laboratory, the 
decanted clear thud ga ve 22-0 of chlorine, the residuary mixture 2;V(), tlie 
uiiilormJy mixed turbid solution 21-5. 

1 c. c. of the «o]utiou of chloride of lime so prepared corres])ou(is to 
O'Ol grm. diloridc of lime. 


A. 0/' (Jav-Lussac (slightly modifieil). 

§ 

Gay-Ta'ssac's mctlKid is based upon tlie eiroumstmice tliat tlie contact 
Dl dilonim witli arseiiious acitl, in i.rescnce of water, give rise to tiie I'or- 
liuatioii of arsenic acid and hj’drochloric acid : 

As + 2 Cl + 2 11 O = As (\ + 2 If Cl. 

line eq. arsenious acid ^ ill), reqnirc.s arcortlinglv 2 oip cliloriMC = 70 - 92 . 
or Its conversion into arsenic acid; or, in olliir forms, llKI parts l,y 
O'glil 0 l elilonne o.xidizc Id'.+ fi parts of tirsen ions acid. Conscptentlv 
ynyuntol a solution ol clilorinc required to convert a definite (piantitv 
yiiseinons acid into ar.senie. tioid, indioales at once tliotnnount ol'elilorine 
*eiit 111 that solution. Tim arsenious acid is be.st used in solution ; tliis . 
' pupared of definite strengtli as liilloAvs: — 

Pycparation of the Solution of Arsenivus AciiL 

Dissolve Lh<)0 grm. pure arsenious acid in solution of potas.sa or soda 
itre flask, dilute the solution, add hydro(diloric acid to stromrly acid 
tlicn fill up with waUa- to the mark, and shake ; lU c. c. of the solu- 
^oiitum 0*L‘3D(; of arsenious acid, correspundiiig to UT grm. chlorine. 

J he actual Ana h/ sis. 

off with tho pipette 10 c. c. of the solution of arsenious acid, 
to a beaker, and dilute with water ; add hydrochloric acid to 

11 u 
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Rtroiig-ly acid reaction ; color tlie fluid blue with a drop of solutio,] f 
sulphate of indigo, and add the solution of cldoride of lime made acconli 
to the directions of § 22.5, drop by drop, with consUint stirring, until tU 
blue color has nearly di.sapp(\'ircd. Add now another drop of^soliuion of 
indigo, and then again solution of chloride of lime, until the fluid su(1(l,!„p 
altogether loses its color, and on the addition of a very small drop of ,sohi^ 
tion of indigo is not colored again. 

The amount of solution of chloride of lime used contained Od grin of 
chlorine. Suppose 10 c. c. have been used : as every c. c. eories[)()nh 
to 0-01 grin, of chloride of lime, the percentage by weight of availahlo 
chlorine in the chloride of lime is found by the following proportion:— 

0-10 : 010 : : 100 : ai; a:- 25: 


or. by dividing 1000 by the number of c. c. used of the solution of chloride 
of lime. 

This method, indeed, gives satisfactory results ; but it requires some 
practice to hit the exact point when the arsenious acid is fully converted 
into arsenic acid ; moreover, the jirocess is lialjle to bo vitiated liy the 
disengagement of a little chlorine. Tlie latter defect becomes morn serioirs 
il', as commonly happens, a more concentrated solution of chloride of lime 
is used. (See Expt. No. 9D.) 


B. Penot’s Method* 

§ 227. 

This method also is based upon the conversion of arscnioiis acid into 
arsenic acid ; but the conversion is effected in an alkaline solutimi, 
Iodide of potassium and starcli paper is employed to ascertain the exact 
point when the reaction is comj)Ieted. 

a. Preparation of the Iodide of Potassium and Stairh Paper. 

The following method is preferal)lc to the original onogiv(m hyPi-xOT:— 
Stir .3 grm. of ]K)tato starch in 250 c. c. of cold water, boil with slirrim:, 
add a solution of 1 grin, iodide of potassium and 1 grm. crystallized car- 
bonate of soda, and dilute to 500 c. c. Moisten strips of fine white unsized 
paper with this fluid, and dry. Keep in a closed bottle. 

h. Preparation of the, Sohition of Arsenious Acid. 

Dissolve 4- b‘lf» grm. of juire .arsenious acid and 1.^ grm. pure crystallized 
carbonate of soda, in (100 — 700 c. c. water, with the aid of‘ h('at, lot the 
solution cool, and tlien dilute to 1 litre. Each c. c. of this solution contains 
O-ffO l bJf) grm. arsenious acid wliich corresponds to 1 c. c. clilurinc gas 
of 0° and 7(10 mm. .atmospheric pressure. j" 

As arsenite of .soda in alkaline solution is liable, wdicn exposed to access 

* Bulletin do la Roci^^td Industrielle do Mulhouse, 1852, No. 118. — Binghrs 
Polytcch. .Journal, 127, 1.34. 

t Penot gives the quantity of .arsenious acid as 4*44 ; but I have corrected this 
number to 4’43t), in accordance with the now received equivalents of the Hubstances 
and specific gravity of chlorine gas — after the following proportion : — 

7002 (2 eq. chlorine) : 99 (I eq. As 0,) : : 3*1776.3 (weight of 1 litre of chlorine gad : 

— 4*436, i.e. the quantity of arsenious acid which 1 litre of chlorine gas converts m e 
arsenic acid. , , 

This solution is arranged to suit the foreign method of designating the streiigtn 
chloride of lime — viz., in chlorimetrical degrees (each degree represouta 1 litre cbloiinv 
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of air, to be gradually converted into arseniate of soda, Penot’s solution 
tlioiild be kept in small botl.Ies with glass stoi)pers, filled to tlic top, 
a bottle used for every new series of experiments. According 
to fr. jMohr* the solution keeps unchanged, if the arsenious acid and the 
carbonate of soda are botli uhnoliiUlif free from oxidizalile matters (sul- 
phide of arsenic, sulphide of sodium, sulphite ol'soda). 

c. The Proces,'?. 

Measure off, with a pipette, 50 c. c. of the solution of cliloride of lime 
prepared according to the directions of § 225 ; transfer to a beaker, and 
i'roiii a 50 c. c. burette, add, slowly, and at last droj) by droj), the solution 
of arsenious acid, with constant stirring, until a drop of the mixture 
produces no longer a blue-colored spot on the iodized paper ; it is very 
easy to bit the paoint exactly, as the gradually increasing faintness of the 
blue spots made on the paper by the Iluid drojiped on it, indicates the ap- 
proaching termination of the reaction, and warns the operator to confine 
the further addition of the solution of arsenious acid to a single drop at a 
time. The nurnlier of I c. o. used indicates directly the number of chlori- 
iiietrical degrees (see note), as the following calculation sliows : suppose 
vnii have used 40 c. c. of solution of arsenious acid, tlien tlic quantity of 
cliloride of lime used in the experiment contains 40 c. c. of chlorine gas. 
Now, the 50 c. c. of solution employed corresjiond to 0*5 giun. of chloride 
of lime; therefore 0*5 grm. of chloride of lime contain 40 c. c. chlorine gas, 
llicreforc 1000 grm. contain 80000 c. c. 80 litres. This method gives 
very constant and accurate results, and ajrpears to bo particularly' well 
suited for use in mannfactiiring establishments where there is no objection, on 
the score of danger, to the cmployunent of arsenious acid. (Expt. No. 00.) 

Fr, IMoimf has suggested a modification of the foregoing pirocess. He 
measures off a definite (piantity of the solution of chloride of lime, runs in 
excess of a standard .solution of arsenite ol'sodaj from a l)urettc, he., until 
a drop ceases to produce a blue sjiot on iodide of potassium and starch 
paper; he then adds starch paste, and finally determines the amount of 
arsenite added in excess with standard iodine solution. This method gives 
indeed good results, but will decidedly not .supersede the more simple and 
equally accurate metliod of 1 ’enot. 

C. Otto’s Method. 

§ 228, 

The principle of this method is as follows : — 

Two cep jirotosuljdiatc of iron, when brought into contact with chlorine, 
in presence of water and free sulphuric acid, give 1 eip sescpiisulphatc of 
ii’cii, and 1 eq. II Cl, the proce.ss consuming 1 eq. chlorine. 

gas at 0® and 760 mra. pressure in a kilograniine of the substance). This method 

proposed by Gay-Luasac. The degrees may re.adily he converted into por-cents, 
^nviceversd, thus: — A sample of chloride of lime of 90° contains 90x3'T7763 = 
grm. chlorine in 1000 grm, or ‘JS SO in 100; and a sample containing 
Hicr cent, chlorine, is of 107'6°, for 100 grm. of the substance contain 34'2 grm. 
ciiorine lOOO grm. of the substance contain 342 grm. chlorine, but 342 grm. 
cilonne = Iitre8 = 107'6 litres 1000 grm. of the substance contiiu 107’6 

litres chlorine. 

^ Hu behrbuch der Titrimiethode, 2 Aufl, S. 290. f Ibid. 1 Aufl. I. 322. 

+ prepared by dissolving 4 ‘95 grm. pure .arsenious acid and 20 — 2.^ b^rm. cryst. car- 
onate of soda in water with gentle boiling, and then diluting the solution to 1 litre. 

R K 2 
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2 (Fc 0, S 0,) + S 0, + II O + Cl = Fe, 0„ 3 S 0, + H ci. 

2 cq. crystallized protosiilpliatc of iron : — 

2 (FeO, S(\, II O + O aq.)==278 

correspond to 35-40 of cldorino, or, in otlicr terms, 0-7839 grm. crystalli^cil 
protosulphate of iron correspond to 0-1 grm. clilorine. 

The protosnlpliate of iron required for these experiinciits ishc.st i.p , 
pared as follows : — 

Take iron nails, free from rust, and dissolve in dilute siilplim-if, 
applying heat in the last stage of the oju-ration ; tilter the sol m ion ^njj 
hot, into about twice its volume of sjiirit of wine. The precipitate ^(, 1 ], 
sists of 

Fc 0, S Ojj + II 0 + (> aq. 

Collect upon a filter, Avash with s[»irit of Aviiie, spread upon a 8;]i(ct of 
blotting [taper, and dry in the air. AVhen the mass siiK'lls no lunaoL' nf 
sjtirit of Avine, transfer to a bottle and kee[) this Avell corked, histcinl of 
protosuljthate of iron, suljthate of protoxide ol’ iron and aiinnonia (p. iioj 
may bo used. OT grm. of chlorine oxidizes I '1055 grin, of tlii,s doulilo 
sulpihatc. 


The Process. 

Dissolve 3-1350 grm. (1 x 0-7830 grm.) of the precifiitatod protosiil- 
phate of iron, or 4-422 grm. (4 x 1-1055 grm.) ol' sulphate of protoxide of 
iron and ammonia, Avith addition of a icAV drops of dilute snlpliuric, lu id, 
in Avater, to 2(M) e. c. ; take out, Avith a pijKitte, 50 c. e,, correspoiidiny lo 
0-7839 grm. proto.sulphate ol’ iron, or 1’1055 grin, sulphate of protoxide of 
iron and ammonia, dilute Avitli 150 — 200 c. c. Avater, add a sullicioiicv "f 
pure liydrochlorie acid, and run in from a 50 e. c. Imrette the freshly 
shaki'ii ^xdution of chloride ol’ liiiK;, prepared according to § 225, initil the 
protoxide of iron is comjiletidy converted into si'.sqnioxide. To know the 
exact point Avheii the oxidation is eomph'tcd, jih-u-e a number of dropHofa 
.solution of fen-icyaiiide of potassium on a ])late, and, when the opicratioii 
is draAving to an end, apply some of tin' mixture Avith a stirring rod to one 
of the dropis on the plate, and oliserve Avhothm- it produces a Idue prccijii- 
tate ; repeat tlic ex]H-riment after every fresli addition of two drops of the 
solution of eliloride of lime. When tin; mixtnni no longer prodnce.s a blue 
])reeipitate in the solution of ferrh-yanide of potas.sinni on the ]ihite, read 
olf the niimhcr of volumes us(.‘d of the solution of chloride of lime. 5s 
tlio nmoniit of solntion of chloride of liriu! insed contained ()-l gnu. "t 
chlorine, tin; calculation is made c.xaetly as in § 22G. 

This metliod akso gives very satisliietory results, provided abvays that 

the stlis of protoxide of iron arc perlectly dry and free from sesipii- 
oxide. • 

Modijkations of the precedimj Method. 

1. Instead of the solution of proto.snlpliate of iron, a soluti(ni ol pn)t'> 
chloride of iron, prepared liy di.s.soIving jiianofortc Avire in hydroclduia 
acid (according to p. 187, uu), may be used Avitli the best results.^ ^ 

( 1-1)3 Id of pure metallic iron, fc., 0-()335 of fin 
may be assumed to contain 99-7 perciait. of iron 
the solution so jirepared contains exactly the 

the solution of proto.snljdiate above mentioned- j , 

it correspond to O'l grm. chlorine. But as it is iiiconveiiicnt to Aveiga o 


e pianolbrte AVirc, fA'mto 

) are dissolved to 200 <:■ r., 

same amount ol iron as 
—iliMt IQ t.n miv. 50 c. c. el 
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3 lefinito quantity of iron wire, tlie following course may be pursued in 
nrelei-ence : weigh oif, accurately, about O-l;") grin., dissolve, dilute the 
Solution to about 200 c. c., oxidize the iron with the solution of chloride of 
lime prc])ared according to the directions of § 22,'), and calculate tlie 
chlorine by the proportion 

hd : thh’dd : : the quantity of iron used : x ; 
tlio 'J' found corresponds to the chlorine contained in the amount used of 
the solution of chloride of lime. This calculation may be dispensed with 
hv the ap])lication of the following formula, in whicli the carbon in the 
pianoforte ware is tidvcn into account : — 

]\l!iltii)ly the weight of the pianoforte wire by 0813, and divide the 
product by the number of c. c. used of the solution of chloride of lime ; 
the result expresses the percenhigc of ehloriiic by weight. 

Tliis method gives very good results. I have described it hero prin- 
cipally hecanse it dispenses altogether with the use of standard fluids. It 
is til ere fore particularly well adajited for occasional examinations of samples 
ol'cliloridct of lime, and also liy way of control. (See Kxpt. No. 1)9.) 

2. histead of directly oxidizing tlio protoxide or protochloride of iron 
liy the chloride of lime, you may also proceed as follows: — Weigh off, 
accurately, about 0’3 grm, ])iaiiofort(t wdre, dissolve to protochloride, and 
ililuto the strongly' acid solution, to 200 or 300 c. c. ; add slowdy, from a 
liirette, 50 c. c. of tlie solution of chloride of lime, prejiared aecordiiig to the 
(jlreetioiis of § 225, stir the fluid during the addition of the chloride of lime, 
and lastly determine, l)y^ nu-ans of liichromate of jiotash (p. 1 92), the (piantity’ 
(it iron which still nunaiiis unoxidized. (If* [)ernianganate be used instead of 
tli(.( hichromate the remarks on p. 191 must be borne in mind.) By this 
iiK.aiis tlic quantity of iron which has been oxidized by the chloride of lime 
ascertained, and from this you may' ealmilate, by the formula given above, 
tlie percentage of chlorine eontaim'd in (he saiiqile. The results arc accurate. 


1). Bunsen’s Method, 

Pour 10 c. c. of the solution of chloride of lime, prepared according to 
tlie (liroetions of § 22;) (eonlaining Od chloride of* lime), into a lieaker, and 
!idd alxjut G e. e. of the solution of iodide of potassium, }>reparcd according 
top. 520, (eontaining O-G Kl); dilute the mixture "with about 10(1 c. c. 
water, acidify with hydroeldoric acid, and determine the lilHU'ated iodine as 
(lirech.-d § HG, 1. As 1 eq, iodine corresponds to 1 eij. chlorine, the cal- 
culation is ca.sy. Tliis method gives excellent results. (Comiiaro Exiit. 
5o. 1)1).) \ 1 i 

Instead of determining the sejiaratod iodine according to § IIG, 1, you 
"uiy also of course 2 )roceed as directed § MG, 2 or § 14G, 3. 


^liere arc other excellent chlorimetrieal mctliod.s. For instance, a 
Unidard solution of ferroiyanide of ])Otassium may' be em])loy'ed insteael of 
' I’Uiidard solution of ])rotoxide of iron (F. Davy*). The solution of 
“uidc of lime is mixed Avith excess of ierrocy anide of potassium, the 
‘I'ynre ia acidified with hydrochloric acid, and the nno.xidized remainder 
H! forrocyanidc of potassium is determined with chromate of ])otassa. 
‘u reaction is complete when a drop taken out and mixed with dilute 
'■’dni chloride of iron on a i)orcelaiii plate, is no longer colored blue or 
The determination of the excess of ferrocyanide may be made 
conveniently with permanganate. f 

* Phil. Mag. (4) xxi. 214. + Zoitsclirift f. analyt. Chem. 2, 93. 
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Again, tlie cliloricle of lirno may be mixed witli excess of solutid ’ 
protocliloride of iron, and tlie sesqnicliloride formed may bo (lot(‘nuiii('] 
afler p. 11)7, by means of protocliloride of tin. Each eq ?<> (1 
spoiuk to 1 eq. ci (2 Pc CI + Cl = Fc^ Tlic sohitio,, 'f’hb 

employed must of course be tree from sesrjuieliioride, or, if it contains ■ ' 
its (piantity must l>e determined (comp. p. rMT), /3). ‘ ’ 

I cannot recommend C. NriLLNKids gravimetric melbod of valulipr 
chloride of lime,* which is based upon the deconqiosition of tlie cliloridc 
lime by hyposul[)hitc of soda, and the determination of the .siil|hiirif •u.;,] 
as sulphate of baryta. The results obtained by this method, in a senes ,,j' 
experiments in my own laboratory, differed considerably accord iiin' to tlu« 
greater or h?s3 quantity of liyjiosulphite of soda usc'd, and wert' altccilK j. 
unsatistiictoiy. Kxor s doubts of tlie accuracy of this method j were coio 
scquently well founded. 


G. Examination of black Oxide of Manganese. 

§ 229. 

The native black oxide of manganese (as also the regenerated artifieial 
product) is a mixture of binoxide of iiiaiigaiiesc with lower oxides of that 
metal, and with ses<piioxide of iron, clay, e'i'c. ; it also invarialily contains 
moisture, and frecpiciitly chemically comliiiied water. IShov, as llic coin- 
mercial value of the article <le])ends entirely ufiou the amount of hinoxide 
(or, more correctly expressed, of available oxygen) whicli it conlaiiis, it is 
a matter ol’ the greatest interest for the manufictiirer and niercliant to 
ascertain this. By “available oxygen” we understand tlie (excess of 
oxygen (tonUiined in a manganese, over the 1 eq. comhiued witli the nictal 
to protoxide; uj)on treating the ore with hydroehlorii; acid, an ainoniil of 
cldorine is obtained ecpiivalent to tliis excess ol’ oxygen. This availalilo 
oxygcMi is always expressed in the form of binoxidiJ of mangmesie 1 eq. 
cori’esponds to 1 etp binoxide of manganese, since MiiO^ - MnO + 0. 

Some years ago De Vi:y;[; call(;d attention to the inquortance of i 1 i(M| 11 o>- 
tioii of drying the sample to lie analyzed; Avhetlier the sample islolc 
subjected to this operation, and in what manner such an ojieratioii is to he 
carried out. Having since bestowed much time and attenl.ion ujioii ihi=! 
subj('ct,|| I can recommend the Ibllowiiig process as best suited lor prejar* 
ing samjdes for analysis. 


1. Dkvino the Sample. 

All analyses of manganese proceed of coursii iqiou the su|)j)Ositiua that: 
tlic samjjle oj>eratc(l iqum is a liiir averagi; sjieciuu'n ol’ tlie ore. A jtertieii 
of a tolerably liiiely jxiwilered avc'rage .sam])le is generally sent lor aniib''''^ 
to the chemist ; in tlie case of now lodes, however, a nunilier ul sami h'y 
tidvoii from dilferent parts of the mine, are also occasionally sent, h? 
tlie latter *0X180, the average conqiosition of the ore is to he ascertained air 
not simply tliat of the several samjiles, the Ibllowing course niiist 'a 
ru.sOrteil to : crush the several samples of the ore iu an iron 
to c(xirse powder, and pass the whole of this through a rather coarse sieux 
Mix unilbrmly, tlien removo a sudicicutly large portion ol the coai^*^ 

+ riiarni. Ceiitriilb], 1855, 

II Polyt. Juuni. b^a, 


Annal. d. Chein. u. Pharm. 95, 113. 
Aiiii il. d. Cheiii, u, Plianu. 61, 219. 
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lowdcr with a spoon, reduce it to powder in a steel mortar, passing tlio 
^•hole of this tlirough a tine sieve.. Mix tlic p)owder ol)tained l)y this 
second process of pulverization most intimately ; take about 8 — 10 grm. 
of it and triturate this, in small portions at a time, in an agate mortar, to 
•111 iinpalpalde powder. Average samples are generally alreatly sullicicntly 
line to recluire only the last 02 )eration. 

As rcnirds the teinjierature at which the powder is to be dried, if you 
desire to exi)cl the whole of the moisture without disturbing any of the 
of hydration, the tem])erature adopted must l)c 120'" (this is the 
lesult of my own experiments, seeKxpt. No. 100). Tn this case it is best to 
isc the drying disk, descrilanl p. 48 (fig. 60) ; the finely powdered snb- 
4ancc is placed in one of the pans, and cx])Osed to the temperature indi- 
'•itcd, for an hour and a half. l>ut, as there appears to be at present an 
ilniost universal understanding in the inanganese trade, to limit the drying 
temperature to 100°, the line powder is cxjiosed, in a shallow eoj>]K‘r 
or l)niss ])an, for G hours, to the temperature of boiling water, in a water- 
Inth (p. 42, fig. 20). In laboratories where it is often necessitry to dry a 
iiuinl)er of samples at the same time, it is found adwintageous to use coj)])er 
visHols, of the form of rather flat square boxes, with 4, G, 12 or more, little 
dryiiig cases fixed into the side, separate from eacli other, so as to be sur- 
rounded on all sides, except the front, by boiling water or steam. 

When the sjimides Inive been dried according to these instructions, tliey 
are introduced, still hot, into glass tultes 12 — 14 cm. long, and 8 — 10 mm. 
M'ide, scaled at one end; these tubes are then corked and allowed to cool. 

In laboratories where whole series of analyses of different ores are of 
frequent occurrence, it is advisjd)le to number the drying pans .mid glass 
tulies, and to transfer the samples always from the pan to the tube of the 
cuiTcsponding number. 


II. Determination of the Binoxide of Manganese. 


§ 230. 

Of the many methods that have been proj)Osed for the valuation of man- 
giiicse ores, I select three as the most expeditious and acciu'ale. The first 
is more particularly adapted for technical purposes. 

A. Fkesenius and Will’s Method.'^ 

Tlic ])rinci[)le u])on which this method is based has been a})plied ah'cady 
by bimiiijEU .and Thom-Son. 

Till! following remarks will serve to exjilain it: — 

e. If oxahe acid (or an oxalate) is brought into contact with binoxide 
cl manganese, in presence of water and excess of sul]ihuric acid, jiroto- 
•'’Hlphate of manganese is formed, .and carbonic acid evolved, while tlie , 
cxygiui, which we may assume to exist in the binoxide of manganese in 
uHiibinatiou with tlie jlrotoxide, combines with the elements ol the oxalic 
‘*cid, and thus converts the latter into carbonic acid. 

Mn O, 4- 8 C)^ + - Mn O, S i\ + 2C 

bach equivalent of available oxygen or, what amounts to the same, each 
i binoxide of manganese 43-5, gives 2 eq. carbonic acid -44. 

If this process is [icrformed in a weighed apparatus from which 
ttotliing except the evolved carbonic acid can escape, and Avhich, at the 

* Comp, the pamphlet mcntioaetl, p. 503, foot-note. 
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siuiie tiiiio, ])crniits the complete expulsion of that acid, the dimlmition of 
weiglit will at once show the amount of carbonic acid which has csnarKM} 
and c,onsc(jnent.ly, by a very simple calculation, the rpiantity of Ihnoxkb 
(contained in the analysed manganese ore. As 4-1 parts by weiglit, of 
boiiic jieid correspond to 40*5 of binoxide of manganese, the carl ionic adu 
found need simply be multi|)lied by lo-f), and the product divided liy 
or the carbonic acid may be multiplied by ' 


•^5 

44 “ 


0-9887, 


to find the corresponding amount of binoxide of manganese, 

c. Tbit even this calculation may bo avoided by simply using in tlio 
operation, the exact weight of ore which, if the latter consisted of 
binoxide, would give TOO parts of carbonic acid. 

Tlie number of j)arts evolved of carbonic acid expresses, in that ciiso 
dir(‘ctly the number of parts of binoxide contained in 100 jimts of l]jc 
analysed ore. It results from b that 1)8'87 i.s the number rcifuircd. Sup, 
})ose the experiment is made with 0-9887 gnu. of the ore, the niinilior of 
centigrammes of carbonic acid evolved in the process expresses directly tlie 
percentag(i of binoxide contained in the analy.scd manganese oi'c. Now, 
as the amount of carbonic acid evolved from 0'9887 gnu. of ]ii:iiigaiio,s(i 
would be rather small for accurate weighing, it is advisable to take a 
multiple of this weight, and to divide afterwards the number of cciiti- 
graminos of carbonic acid evolved from this multiple weiglit by the same 
number by which the unit has been multi[)lied. Ida; multiple ^vlildi 
answers the ])ur[)ose best for superior ores is the triple,- 2-'J(i(! ; lor 
infm-ior ores, 1 recommend the quadruple, - d-Dorj, or the (prnitiiplc, 

-4 -9135. 

The analytical process is jiorformcd in the 
apparatus illustrated in iig. 1(19, and which 
has ])een de.seribed already, p. 297. 

The flask A should liold, iqi to tlie nock, 
about 120 c. c, ; B about 100 c, c. The 
latter is half lilled witli snlphnrie acid; tlie 
tnl>e (( is closed at b wdth a little wax hall, 
or a very small jiiece of caontclioiic tiiljing, 
witli a short piece of glass rod inserted in 
the other end. 

Place 2-9()(), or 3-955, or 4-9435 grin.— 
according to tlie quality of the urc- m 
watcli-gla.ss, and tare the latter most accu- 
rately on a delicate balance; then remove 
th(! weights from the watch-glass, and re- 
place them by manganese iroiii the tube, 
very cautiously, with the aid of a- gentle 
tap with the finger, until the eqnilibrinm b 
exactly re.storcd. Transfer the Avidghcd sample, with the aid of a card, to 
the fla.sk yl add 5 — (3 grin, neutral oxalate of soda, or about 7-t> gtnn 
neutral oxalate ofjiotassa, in jiowdor, and as much water as will fill thelhmk 
to about one-third. Insert tlie cork into A, and tare the apfaratiis 
on a strong but delicate balance, by means of shot, and lastly tiidbih 
placeil directly on the scale, but in an appropriate vessel. The taro is kept 
under a glass bell. Try whetlier the apparatus closes air-tight (see p. -^37). 
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Tlicn make some siilpliuric acid flow from B into ky applying suct ion to 

py means of a crioutclioiic tube. Tlie evolution of carl)onic acid coin- 
incnces immediately in a steady and uniform manner. When it begins to 
slacken, cause a fresh portion of snlidiuric acid to ])ass into A, and repeat 
tliis until the manganese ore is completely decomposed, Avhich, if the 
gjiinple has been very finely pulverized, recpiires at the most about five 
iiiiiiutos. The complete decomjiosition of the analysed ore is indicated, on 
tlic one hand, by the cessation of the disengagennent of carbonic, acid, and 
its non-renewal u])on the influx of a fresh portion of sulphuric acid intoyl; 
jiiid, on the other hand, by tlie total disappearance of every trace of Idack 
powder troni the bottom ofyl.* 

Now cause some more sulphuric acid to pass from 7> into A^ to heat the 
fluid in the latter, and exjiel the last traces of carbonic acid theredn dis- 
solved ; remove the wax stojiper, or India-rubber tube, from />, and apply 
gentle suction to d until the air drawn out tast(!s no longer of earlionic 
iicid. bet the apparatus cool completely in the air, tlnm jilace it on the 
balance, with the tare on the other scale, and restore cquilil)rium. The 
niiinbcr of centigrainiiK; weights added, divided liy 3, 4, or 5, according to 
tlic inulti})le of 0'0<S(S7 grm. used, expresses the percentage of binoxide 
contained in the analysed ore. 

Ill experiments made with definite quantities of the ore, weighing in an 
open watch-glass cannot well l>e avoided, and the dried manganese is thus 
exposed to the chance of a rcabsorption of water from the air, whicli of 
course tends to interfere, to however so trifling an extent, with the 
accuracy of tlie residts. In very precise cx])erinients, therefore, the best 
way is to analyse an indeterminate quantity of the ore, and to calculate the 
]icrccntagc as shown above. For this purpose, one of the little corked 
lulies, filled with the dry pulverized ore, is accurately weighed, and aliout 
0 to a grin, (according to the quality of the ore) arc transferred to 
tlio flask A, By now reweighing the tube, the exact quantify of' ore 
ill tlio flask is ascertained. To liicilitate this operation, it is advisable to 
scratch on the tidie, with a tile, marks indicating, apiproximately, the 
various quantities xvliich may be required for the analysis, according to 
tlic quality of the ore. 

^\ ith proper skill and patience on the part of the operator, a good 
balance and correct weights, this method gives most accurate and corre- 
qtonding results, differing in two analyses of the siiine ore barely to tlie 
extent of U-2 per cent. 

h flic results of two assays differ by more than 0’2 per cent, a third 
ex])eniiient should be made. In laboratories where analyses ot' manganese 
OIOS are matters of frecpient occurrence it will be Ibiiiid convenient to use 
‘Cl as])]nU()r (‘nr sucking out the carlionic acid. In the case of* very moist 
‘Cv, the error which proceeds from the liict that the water in the air drawn * 
t uough tlic apparatus is retained, and which is usually (piite incoiisider- 
‘^ '0, may now bo increased to an inqumtant extent. Uiuler such cirenm- 
‘‘’f'Ciccs, connect the end of the tube b with a chloride of calcium tube 
< m-iiig the suction. 

^^Soine ores of manganese contain carbonates of the alk aline earths, which 
^“^ecssitates a moditication of t he foregoing jirocess. To ascertain 
' ^^^kcr carbonates of the alkaline earths are present, boil a sample of the 

* If U 

(p manganese ore has been pulverized in an iron mortar, a few black spots 

iclcs of iron from the mortar) will often remain perceptible. 
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jinlverized ore with water, and add nitric acid. If any efTervescence takes 
place, the process is modified as follows (Komi*) : — 

After tlie weighed portion of ore has been introduced into the flask A 
treat it with water, so that the flask may be about full, add a few dron’ 
of dilute suljihiiric acid (1 part, liy weiglit, sul})huric acid, to 5 
water) and warm with agitation, preferably in a water bath. Allcr .stinu. 
time dip a rod in and test whether the fluid possesses a stronolj 
reaction. If it does not, add more sulphuric acid. As soon as tlie \vli,,[o 
of the carbonates arc decomposed by continued heating of the iieidiiici] 
fluid, completely neutralize the excess of acid with soda solution lieu liom 
carbonic acid, allow to cool, add the usual quantity of oxalate of soda, aiul 
proceed as .above. 

If you have no soda solution free from carbonic acid at hand, you m.-iy 
j)lace the oxalate of soda or oxalic acid (about 3 grm.) in a small tiil ie, aud 
sus[)end this in tlie flask A by means of a thread fastened by the cork. 
Wdion the aj)|)aratU3 is tared and you have satisfied yourself that it is 
air-tiglit release the thread, and proceed as above. 

Instead of determining the carbonic acid from tlic decrease of Avcijilit of 
the ai)])aratus, you m.ay also estimate it after j>. 300, e, as Koi.iu: recojii- 
mends. In the decomposition flask jdace the ore and some dilnle suljilmric 
acid, and add a solution of oxalic .acid tlirough the funnel tube, if ueciS' 
vsmy also dilute suljdiuric acid. If the ore contains alkaline erirtliy ciirlio- 
nates, their carbonic acid may' be determined in a convenient iiKiniior ly 
this process, before the oxidation of the oxalic acid is commenced. OLsun c 
xoTi;, p. 302. 

Ik Bunsen’s Method. 

Kcduce the ore to the very finest powder, weigh off about 0•4 jn’iii., 
introduce this into the small flask d, illustrated in fig. (17, p. 2(1(1, and puiir 
]mre fuming hydrochloric acid over it; conduct the process exaclly as in 
the analysis of chromates. Boil until the ore is completely disselv(;d ami 
all the chlorine expelled, which is cflected in a few niinuU's. bach o[. 
iodine sop/iratcd correesponds to 1 eq. chlorine evolved, and accordingly to 
1 (Hj. binoxidc of manganese. 

In skilful hands, this method gives very accurate I'esults. For tlio solnii('n 
of the ore and the a])Sorption of the liberated chlorine by .solution oi iodihe 
of pot.'issium, I recommend the a[)|»aratus de.scrihed p. 31.7 (lig. 71), aiul 
lor the estimation of the separated iodine, the method § 11(1, 3. 

C. Eaiiinatloii of the Binoxidc of Manganese hg means of Iron. 

Dis.solve, in a small long-necked fla.sk, placed in a slanting ]K).sitioii, 
«al)OUt 1 grm. pianoforte wire, accurately weighed, in moderately con- 
centr.ated pure hydrochloric aci<l ; weigh off about Odl grni. of the sample 
of in.'uiganeso ore, in a little tube, drop this into the'flask, Avith its euiiu iib, 
.‘ind heat cautiously, until the ore is dis.solved. 1 eq. l)inoxide ol niaii- 
ganesc converts 2 eq. of dissolved iron from tlie state of proto- to that ul 
.sesquicldoride. When complete solution has taken ])lace, dilute tic 
contw’nts of tlio fla.sk with water, allow to cool, rinse into a heaker, am 
determine the iron still remaining in the state of protochloridc with elim- 
niatc of potii.sh (p. 11)2). Deduct tills from the Avoight of the mH'' 
cnqdoyed in the process; the (lill’erciicc expresses the (puintity ol uon 

* Zoitflchrift f. analyt. Chem. 1, 48. 
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55 231, 232.] 

^vijjch hits converted by the oxygen of the miinganese from proto- 

chloride to sesquicliloride.* This dilfereiicc multiplied by orO-77G8, 
.rives tlic amount of binoxido in tlie analysed ore. This method also, if 
caretiilly executed, gives very accurate results. If you determine the 
(xcess of protochloridc of iron with permanganate, do not forget the 
remarks on page 101. 

T’he main reason winy this metliod is less suitable for industrial use 
tliaii tlie lirst lies in thti fact, that the analyst must work with much 
jiimillor quantities of substiince. Hence to obkiin results equally accurate 
v’itli those yielded by A, lar greater nicety in weighing and manipulating is 
rt'(|uired. Instead of mctjillic iron, weighed (piantities of pure jaroto- 
siillhate of iron (§ 228), or oi* sulphate of protoxide of iron and ammonia, 
]uay bo used. 

III. Estimation of Moisture in Manganese. 

§ 231. 

In die purchase and sale of manganese, a certain proportion of moisture 
in usually assumed to be pnmcnit, and often a jiorcentage is iixed within 
which the moisture must be coniined. We may lay it down as a rule that 
in estimating the moisture the same tem|)eraturc should be cmyiloyed, at 
which the drying for the purpose of determining the luiioxitle is ellected 
(§ 229 , 1 ). _ ^ 

As the amount of moisture in an ore may bo altered by the ojicrations 
uf crushing and jmlverizing, the cxj)eritnent should be made witli a sample 
ui‘ the mineral which has not yet been subjiicted to th(‘so proc(*sses. The 
drying must be continued until no furtlnu’ diminution of weight is 
ohserved ; at lOtb, this takes about f) hours, at 120°, generally only 
l,j hours. If the moisture in a manganese ore is not to be estimated on 
the sjiot, but in the laboratory, a liiir average sample of the oru shoidd be 
I'urwai’ded to the chemist in a strong, perfectly dry, and well-corked bottle. 


IV. Estimation of the Amount of Hydrochloric Acid required 

FOR THE COMFLETE DECOMPOSITION OF A MaNG.VNESE. 


§ 232. 

DhTerent manganese ores, containing the same amount of available 
o.\ygcn, or, as it is usually exjircssed, of biiioxidc, may require very 
(iiH'crciit ({iiaiilities of hydrochloric acid to effect their decomjmsitioii and 
solution, so as to give an amount of chlorine corresponding to the avail- 
iil)lc oxygen in them ; — thus, an ore consisting of GO per cent, of binoxido 
'd 111.1 ngaiK'sc and 10 I)er cent, oi’ sand and clay, requires 2 eq. liydro-j 
chloric acid to 1 cq. of available oxygen; whereas an equally rich ore 
coiitaiiiiiig lower oxidbs of manganese, sesquioxide of iron, or carbonate of 
iiiuo ictpiircs a much larger proportion of hydrochloric acid. 

-I^he (piantity of hydrochloric acid in (|uostion may be determined by 
the following ])rocess : — 

determine the strength of 10 c. c. of a moderately .strong hydrochloric 
‘icid (ot’ say, DIO sp. gr.) by means of solution of sulphate of copper and 
iiiiuuunia (§ 21G). AVarm 10 c. c. of the same achl with a weighed 


In very precise experiments, tlio weight of the iron must be multiplied by 0'997, 
Hinco pianoforte wire may always be assumed to contain about O’UUd impurities. 



620 


SPECIAL PART. 


K 233. 

quantity (about 1 grni.) of the manganese, in a small long-noebod 
'Nvitli a glass tube, about 3 feet long, litted into the neck. Fix tlio llask ia 
a position tliat the tube is directed oblicpiely upAvards, and tlicn o-om^] , 
heat the contents. As soon as the manganese is dcconi])ose(l, ajpjy \ 
somcAvhat stronger heat for a sliort time, to exjud the cliloriiH; Avliii li siij] 
remains in solution; but carefully avoid continuing the ap|)lic;iti(,ii of 
lieat longer tlian is absolutely necessiiry, as it is of importanco to oiunq 
against the slightest loss of hydrochloric acid. Let the tlask cool^ (jiimj, 
the contents with water, and determine the free hydrochloric acid rciimin. 
ing by solution of .sulidiate of coj)pcr and ammonia. Deduct the quantity 
found from that originally added ; the dilfercnce expresses the ainoiint (jf 
hydrochloric acid required to elfect the decomposition of the inangancse oiv 


7. Analysis of Common Salt. 


§ 233. 


I select this example to show hoAV to analyse, Avith acenracy aiid 
tolerable expedition, salts Avhich, Avith a predominant principal ingredient, 
contain small quantities of other sidastances. 

a. heduce the stilt by trituration to a unilbrin pOAvder, and put this into 
a stojipered bottle. 

b. Weigh off 10 grm. of the poAA'der, ami di.ssolve in a l)o;d<er hv 
digestion Avith AA'ater; filter the solution into a ^-litre llask, and tlioroiiglilv 
Acash the small ri'sidiie Avdueh generally remains. Finally fill the llask willi 
Avator uj) to tlie mark, and shako the fluid. 

If .small AA’hite grains of sulphate of lime are left on dissolving tlie suit, 
reduce them to poAvder in a mortar, add Avater, let the mixture digest for 
some time, deeaiit the clear .supernatant fluid on to a liltia-, triinrate llio 
undissolved deposit again, add Avater, ttc., and repeat the opcu’.ation until 
com])lete .solution is clfeeted. 

c. Ignite and Aveigh the dried insolidile residue oi' by and .subject it to :i 
qualitative examination, more c.s])eeially Avith a view to a.scort.ain Avhetlier 
it is perfectly free from sulpdiate of lime. 

d. Of the solution b, measure off succc.ssively the folloAving qnanliti('s 


For c. 50 c. c, corrc.sponding to 1 grm. of common salt. 
,, /. L)0 c. c. ,, ,, 3 ,, „ ,, 

,, if. l.)0 c, c. ,, ,, 3 ,, ,, ,, 

,, //. i)0 c. c. ,, ,, 1 ,, ,, jj 


e. Determine in the 50 c. c. measured off, the chlorine as (liroctod 
§ 141, h, <i or b. 

* f. Determine in the 150 c, c. measured off, the snJphuj ic acid asdin eud 
§ 132, I., 1. 

If. DeO^rmine in tlie 150 c. c. measured off, tlie lime and niagncm ns 

directed p. 3(>7, 32 . 

h. Mix th'e 50 c. c, measured off, in a platinum di.sh, Avith al)ont c. c. 
of pure concentrated sul|huric acid, and proceed as direeted § 03, 1. H"' 
neutral residue contains the sulphates of .soda, lime, and jnagnesia. l >e(liit t 
from this the quantity of tlio two latter sul)stances as resulting from y; hi*' 


remainder is sul})hatc of , , 

i. Determine in anotlier Aveighed portion of the salt, the ivatcr as director 
§ 35, u, a, at the end. 
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§ 234.] 

/•. Bromine and otlier bodies, of which only very minnte traces arc 
found in common s;dt, are determined by the methods described in the 
Analysis of Mineral Waters. 

8. Analysis of Gunpowder.* 

§ 234. 

Gnnpowder, as is well known, consists of nitre, sulphur, and charcoal, 
;„i(l, in the ordinary (condition, invariably contains a small rpiantity of 
moisture. The analysis is frequently confined to the dcjtcrmination of 
tlie three constituents and the moisture, but not unoften the examination is 
extended to the nature ol' the charcoal, and the carbon, hydrogen, oxygen, 
and ash therein are estimated. 

I diall proceed to give first, a collection of methods by which the several 
constituents may be determined in different portions of substiince ; secondly, 
the process em]»loyod by Link, in which all the constituents arc determined 
ill one and the same (juantity of powder. 

I cannot fix upon either course as unquestionably the best for all cases, 
l)ut nmst leave the analyst to choo.se that which is most suitable to his 
qK'cial object. 

1. Process, in wntcii the several Constituents are determined 

IN SERAKATE PORTIONS OF THE PoWDER. 

a. Ik termination of the Moisture. 

Weigh 2 — 3 gnu. of the sub.stancc (not reduced to powder) between two 
tvcil-fitting watch-glasses, and dry in the desiccator, or, at a gentle heat, 
not exceeding OfW, till the weight remains comstant. Or the substance may 
he weighed in a glass tube drawn out at one end and provided with an 
iiMiiled plug of asbestos, and dried by the transmi.ssioii of a slow stream of 
dry air ; comp. [>. 623. , 

h. Dctcrmijiatinn of the Xitre. 

Place an accurately weighed quantity (about 5 grm.) on a filter, 
moistened with water ; sal urate Avith water, and, after some time, repeatedly 
])oiir small (piantiticis of hot Avater iqioii it until the nitrate of })Otassa is 
L'i,eii|)letely extracted. Peceive the first filtrate in a .small weighed platinum 
dish, the Avasliings in a beaker or small fla.sk. Evaporate the contents of 
the platinum disli cautiously, a<lding the Avashings from time to time, heat 
the residiK! cautiously to incipient fusion, and Avoigh it.| If' the charcoal 
and snl})liiir arc collected on a Aveighed filter, and dried at lOlP, and the 
increase in Aveight of the filter 4- the moi.sture determined in a (and cal- 
eiilated Avith reference to the quantity of subsUince here tidvcn) is deducted 
h'oiii the substuiic(i cm])loyod, the remainder gives the nitre again by Avay^ 
ni control. But 1 cannot recommend this latter proceeding, as it is not 
<^'n!y troublesome but 'also inc.xact, since the drying of sulphur at 100° is 
attended with loss. 

* As regards the determination of the sp. gr. of gunpowder, I refer* to Heeren’s 
paper on the sulijec;!., in Mittheilungen des Ctewerbovereina fiir Hannover, 1856, 
E8^178; Tolytl Contralbl. 18.56, 1118. 

t The nitrate of ))ota88a may also be estimated in an expeditious manner, and with 
sufficient accuracy for technical purposes, by means of a hydrometer, which is con- 
structed to indicate the percentage of this ingredient when floated in water containing 
3' certain proportion of gunpowder in solution. A method based upon the same prin- 
proposed hy Uchatius, is given in the Weiuor akad. Bor. X. 718 ; also Ann. d. 
^ucm. und Pharm. 88, 395. 
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c. Determination of the Sntphur. 

a. By conversion into Sutphuric Acid in the Wet Way. 

aa. Oxidize 2 — 3 grm. of the powder with pure concentnited nitric 
acid and chlorate of pohish, the latter being added in small })oriiojiSj 
the fluid is maintained in gentle ebullition. If the operation is ('oiiiiini(.,{ 
long enough, it usually happens that both the charcoal and snl|)lim- 
fully oxidized, and a clear solution is finally obtained, hivapoi-ate nith 
excess of pure hydrochloric acid on a water-bath to dryness, flltc'r, if im. 
dissolved charcoal should render it nccc.ssiiry, and determine the suhihiuj^. 
acid after § 132, I., 1. 

bb. Boil about 1 grm. of the powder in a small flask with a concGii- 
trated solution of pure permanganate of potash, and add moi-e oi’ tiic 
latter from time to time, till the violet coloration remains. Tlu; whole of 
the sulphur and charcoal will now be oxidized to sulphuric and caibunic 
acids respectively. Add pure hydrochloric acid, heat till the seperaied 
binoxide of manganese is dissolved and the chlorine is expelled, dihiUMiiK] 
precipitate the sulphuric acid with chloride of barium, § 132, L, 1 (Clukz 
and Guignet*). 

/3. By conversion into Sulphuric Acid in the Dry Way. 

Mix 1 part (about 1 — 1*5 grm.) of the finely triturated ])owdor willi tlie 
same quantity of anhydrous carbonate of soda (free from sulphuric acid), 
add 1 part of pure nitrate of poftissii and G parts of tlry pure chloride of 
sodium ; mix most intimately, and heat the mixture in a ])latinnm criieilile 
until the combustion is completed, whicli is indicated l)y the white color 
of the mass. Dissolve in water, acidify the solution with hydrocliloi'ic 
acid, and precipitate the sulphuric acid with chloride of barium, § 132, L, 1, 
(Gay-Lussac). 

y. B)j Extraction with Bisulphide of Carbon and ivciyhiny the Sid- 
phiir. See Link’s process below. 

d. Determination of the Charcoal. 

Digest a weighed portion of the powder repeatedly •with sulphide of 
ammonium, till all sulphur is dissolved, collect the charcoal on a filUi' 
dried at 100°, wa.sh it first with water containing sulphide of amniuuiuin, 
tlien witli pure water, dry at 100 °, and 'wmigh. 

The charcoal so obUiined must, under all circumstances, be teste<l for sul- 
phur by one of the method.s given under c, a or /3, and if occasion require, tlic 
sulphur must be determined in an alicpiot part. The charcoal may also he 
examined as regards its behavior to potash solution (in which “ red clmr- 
coal”! is partially soluble) and an ali(piot part may be subjected to elementary 
analysis according to § 178. For this latter purpose Lake a ])ortioii oi tlio 
charcoal dried at 100°, and dry at 100° (Weltzien). If the cliareoal, on 
this second drying, suflers a diminution of weight, ffalculate the latter into 
per-cents of the gunpowder, deduct it from the cluircoal, and add it to the 
moisture. 

The sulphur cannot be completely extracted by bisulphide of carbon; 
comp. Link’s proces.s. If it is desired to subject the charcoal itself to 
analysis. Link’s procc.s.s is particularly to be recommended, as the rharcon 
is much less liable to be affected under this method than when subjocto 
to digestion with sulphide of ammonium. 

* Corap. rend. 40, 1110; Journ. f. prakt. Chem. 75, 175. 
f Incorapletely carbonized wood. 
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2, Pi:ocK.ss IN 'vvincTi all the Constituents of the Ounpowdeu ake 

PETE KM IN EO IN ONE PORTION (after LlNK**^). 

Select a glass tube of O’O cm. bore, about 10 cm. from the end draw it 
out to 0‘2 cm. bore, and cut it oft‘, leiiving about 5 cm. of' the narrow part. 
The whole tube will thus be 15 cm. long. At the junction of the wide 
and narrow parts, place a loose plug of ignited asbestos, about 1‘5 cm, long. 
Weigh tlie tube, fill the wide j)art with triturated gunpowder (about 3 
gnu. ) and weigh again. Now j)ass through the tube a cunamt of pcn-fi'ctly 
dry air, till it ceases to lose weight (say for 10 hours) ; the lo.ss indicates 
the amount of moisture in the triturated gunpowder. 

Now place the tube (u, fig. 

170) by means of the cork b 
in the weighed flask c, which 
should have a capacity of about 
24 0. c., and tre/it the powder 
with carefully rectified bisul- 
phide of carbon, which will run 
through clear and rapidly into c. 

As soon as the little flask l)e- 
comos, by repetition of tliis wash- 
ing, about one-third full, apply 
heat to it by means of a water 
bath of 70 to 80'^ and distil the 
bisulphide into the (Jrtf reeeiver 
(/. The distillate s<Tves for re- 
])eatirig the extraction. After 
8 c. c. of the fluid have been 
poured on the powder six times, 
all the .sulphur that can be ex- 
tracted will liavc been removed. 

The sulphur in c is cautiously 
heated just to fusion, the flask 
is allowed to cool, any vaf)or of 
bisuljdiide of carbon tliat may 
remain is removed by a stream 
of dry air, and the flask is 
weigliod. 

The tube containing the ex- 
hausted poAvd(?r is .'iguiii con- 
nected with the aspirator, and 
diy^air is drawn through at Fig. 170. 

loo'’ till the weight remains 

constant. The differenc^c between the i)rescnt weight and the weight of 
the tube containing the dry uiuixhausted powder represents the amount of 
sulphur extracted, together with the very small quantity of water which 
the jiowder dried at tlie ordinary temperature, gives up when’ exposed to 
loo . This last small quantity is found by deducting from the siiid dif- 

j * Annal, d. Chem. u. Pharm. 109, 53. 

1 quantity ia frequently somewhat greater than that contained in the gun- 
powder m ita granulated condition, aa it ia very possible that the powder may attract 
^^Utlo moisture on trituration. On this account a correction must here be applied, see 
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ference tlic amount of tlie sulphur found directly. It is to bo achlod to tLe 
moisture found at first. 

In order to determine the small quantity of sulphur still contained ‘ 
the exliausted powder, shake out a portion of the latter (O-f) to O-J 
^Ycigh the tube again, and you will know the quantity tliat lia.s^l,eei| ' 
removed, as well as the quantity that remains. Tlio porta on removed 
oxidized with a(pia regia, evaporated with hydrochloric acid, and precipitated 
with chloride of barium ; the sulphate of baryta is calculated into siilplim. 
and from the latter again the quantity that would have been yielded l.v 
the whole of the exhausted powder is calculated. The amount tlm^ 
obtained (which, according to Link, Avill be about 0*1 per cent.) is luldeil 
to the sulpliur directly Aveiglied. 

The portion of exhausted powder remaining in the tul)o is now snlv 
jeeted to the folloAving process for the determination of the saltpetre -.—List,,,, 

the tube o, (fig. 171) logcili,,]- 

t witli the \mssel f/, by of 

k'iver h. Treat the eontcius 
oUi witli cold Avater, ;iiid, work- 
ing the macliine very slowly, 
cause the liquid to pas.s, drop 

tion is r(;pcated Avitli warnieraiid 
Avarmcr Avater, tin; water used 
at the end hot as pos- 

duriifg the ])ro(’ess Avitli water 
Avhich corresponds in tempera- 
ture Avitli that used tor tlic ex- 
haustion.* ^In this manner 
2 grm. poAvder may Im portectly 
freed from ■ nitre Avitli 18 to 

error is avoi eled \v I n el i i h'S 

Fig^' lTl. ^dio solution ot nitre is eva- 

porated to dryness in a ]’|a' 
tinnm crucible, tlio residue dried at 120°, weiglnAl, and calculated wiiH 
reference to the whole of the pioAvder. 

Now rai^e the aslaestos jilug a little, Avith a platinum Avire, to loosen jt, 
and dry the residual charcoal at 100'’ in a stream of dry air. It tlieweie it 
of tire charcoal is a little more tlian tlie Avcight of the nitre togolher with t le 
charcoal niiniiH the nitre found directly, tliis diilerence is oeeasioiied b) t^ 
hiet that pure charcoal retains Avater more firmly than Avlnm mixed wit i 
nitre. The small ditfererice in question (I or 1'5 mgrm.) is hence to 

* If this operation bo conducted as directed, none of tlie salt will crystallize .at hi 
point of the tube. 
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f„„si,lereil .ns water a;llieriiig to tlie cliareoal, anil is to be ileclnete.l fi'oin 
tlio water obtained in tlic eleinent.-iry anMl'/si.-;. 

Fortlie l)nr[j()sc of the coinlui.^l ion, mix tlie elinrcoal in tlietnlio witli some 
(.liroiaate of lead, cut off tlie drawn-out jiart, mix the ashestos nji with tlie 
contents till a, current of air can freely pa.ss over tlie mass, place the whole 
i,i ;i combustion tube filled in tlie proper niann< r with oxidize*! ccjiiier 
tiiriiiiigs, and burn as usual with ajiplieation ol'a current of oxyu'cn 17iS). 
The quantities of carbon, bydrogcu, ami oxygen obtaimal (iVielndiug the 
small quantity of ash) are also, like the nitre, to bo calculated with reference 
to the Avliole ipiantity of powder originally taken. 

I(‘ it Is (kisired to eori-cet the very small error, Avbicli arises from the 
fact that jiowdor attracts a little moisture on trituration, dry a fresh jiorliiai 
oftlic niitrltnratcd powdm- in the manner (h'serihed above, *and by the help 
of tlie iiuiul)erso obtained, caleulate the cpiantity of the original gimpow.ler 
ton tai 110(1 in triturated ])owder. Su[q)ose the original granulated jiowdcr 
yieliled (»•") Avater, and conta,ined therefore DO-:) dry poAvder, th<> weigh! of 
tlm dried triturated powder is therefore to be increased in the jiroj lorti* m 
of, Ufa ; 100, and you Avill have the (juantity of granulated powder eipii- 
valoiit to it, be., the true Aveight of the gmipiiwder employed. 

f AnALYSLS of NaTIVF and, MOIU; FAirnCULAKLY, OF MIXFI) SiLirATi:.>. 


§ 265 . 

Th(' analysis ol silicates wliieli are eomjdclely dccomjxised bv aidds lias 
Iwii described in § 1 1(1, II., u; and that of silicates Avhieh are nol, dccom- 
hn.S(.d l.y acids, ui § MO, II., />. I haviMhereforc here only to add a tew 
n.Diarks res|)eeting die examination of mixed silieate.s, /.c. of sudi as are 
'■■nin|H)scd of silicates of the two elas.ses (plionolitccs, elay-slales, basalis, 
iiictcurie stones, A'c,). * 

Alter tlie silicate has beem vei-y limly jadverized and dri((l at ir 

usii:illy trc;,|,Ml for .some tim<‘, al a geiill«> lunat, witli modm-aUdv eon- 
cciitnited Iiydrocldorie acid, evaporated to diy iKcss on tlie wa1(‘r-bai In the 
npdiie ni..ist.'n(d with Ijydrocldoric acid, water added, and 1 1n' sobil ion 
h is often preferable, bowevc'r, to digest tin' powder with dilute 
l‘ydnmlih.ric acid (of almiit lb per cent.) for'some days at a g.'iitle Inxit, 
■'^iid tlieii at once liltcr the solntioin W'liich of the two wavs it is advisable 
•■‘dept, ami indeed whether the melhod here dcscrilx-.l (whiidi was jirst, 
eiiipovcil l,y in tlu^analysis of pliomditcs), may be resorted 

j*' depends iijioii llic nature of the mix.'.] minerals. 'I'he niore readily 
jJ‘’'”“P'>'^;il)Ie the OIK' of the onstitiieiit j.arfs of th.' mixture is, ami the 
K^adily deeomp.isabl.' tin* oth.'r, the more constant the proportion 
tA\(( n i],,, undissolved a'ld the dissedved p.-irt is tbnml to remain in dit- 
m'lit exjieriments ; in other Avor.ls, the less the mulish. Iv.'d ]*art is alfnetod 
''hth hydroelilorie aei.l, the more sal'elv may this 
“'IkkI ol deeom])osition be resorted to. " . 

-ilio proei'ss gives : — 

t], / ] ^ (H'k! soJntio)}, containing, besid.'s a bill.' silicic acid, 

ivhi ^ deeom])o,sed silicate in the lorm ol‘ metallic ehioridos, 

idc scjiaraled and determined by the proper metho.ls. 

•'"A'- §§ Th,. nnalysi, n.u.t :,bv;,js l.c me- 

y 'I miiiuto aiul c.>ni[>rtIiLiisive .pialilalivc aiiab-sis. 
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h. An in.^oIuhJe residue, 'which conlnins, besides the uude^^^^o 
silicjite, tlie si!|)aratcd silicic iicid of tlic deconijioscd silicate. ' 

Alter the latter has been -well Avashed with Avater, to Avhieli a fe ^ 1 
of hydrochloric acid have been added, transfer it, still moist, in imnail n ^ 
at a time, to a boiling solution of carbonate of soda (free (i-oin silicic. 
contained in a platinum dish ; boil for some time, and liltca- oil' c u i, ^ 
still very hot, through a Aveighed lilter. Finally rinse the last ])arii('l,^"(,j’ 
the residue Avhich still adhere to the filter com])letely into the disli 
proceed as before. Should this ojicration not fully succei'd, dry -nK] 
eiiieratc the lilter, tr.ansfer (be ash to the platinum dish, and Vmil l•oIloal(Hl^ 
Avith the solution of carbonate of soda till a few drops ol' the llnid liiv||p. 
passing through the filter remain clear on Avarmiiig with excess of cldoridi- 5}' 
aninioniuni. Wash the residue, first with hot Avater, then— f., ins,,,-,. i],p 
remov.al ofeviny trace of carbonate of soda Avhicdi may still adlicic lo lt_ 
Avith AA'ater slightly acidified Avith hydrochloric acid, and linahy again wiih 
pure Avaler. Collect the Avashings in a se]»arate vessel (11. h’osi;). 

Acidily the alkaline liltratci with hydrochloric acid, and dch riniiK' in ir 
the silicic acid Avhich ludongs to the silicati; decomjeosed hy liA'droclilorii. 
acid, as directed § I IO, 11., u. Dry the undi.ssolved silicate at l()l> , and 
AVeigh. The dill'erence gives the (pi.antity of the dis.solved silicate. Treat 
the undissolvt'd silicate exactly as direclod § IfO, II., b. 

Silic.ates dried at 100" occasionally contain wutvr. This is dctcriiiincd 
by taking a Aveighed portion of the mixed silicate dried at l0(f and igniting 
ill a [ilatinum crucible, or — in presence of carbon or jirotoxide of irun—in 
a tube, through Avhich a stream of dry air is draAvn, the moi^tme c\|icll(d 
from the sulxstance being retained by a Aveighed chloriile oi‘ ladciiiin tnlu'. 
To ascertain Avhether the Avater thus expelled j.roci'eds from the silicate 
decomposable by hydrochloric acid, or from that Avliich hydinchleilc aiid 
fails to d(.‘compose, a samjilt! ol the latter, di'ied at is ab<> igiiitol in 

the same manner. Suppose, f’or instance, the mixcnl silicate nndir cxanii- 
iiation consists ol oO pin' cent, ol silicate decoin])ose<l by liAalrocldoi’ic acid, 
and oO ])er cent, of silicate Avhich liydnxdiloric acid lliils to deinnijiosc: 
and that the latter contains -17 jiartsof anhydrous substaiici', and 3 ]i:irtsot 
Avatm- ; the determination of the Avater Avoiild giAay for the mixed silicati; 
d j)er cent,, for the jiortion not d(‘coin[)osed by hydtnxdiloric acid f ]ht 
C(“ nt, Noav, as d bears the .same ]>roportion to II as the imilcc()in|)0S(d 
silicate (5() per cent.) bears to the mixi.Ml silicate (1(10 per cent.), it is ckar 
that the silicate decomposed by hydrochloric acid gives no Avalcr ii]K‘n 
ignition. 

If the escaping aqueous va])ors manifest acid reaction, oAviiig to dis- 
engagement ol hi/d rocldorii' und or fluoride df si/i<‘(/ii, mix the siihslaiicL' 
Avith (I jiarts of finely triturated recently ignited oxide of lead, in ‘‘ 
retort, Aveigh, ignite, and Aveigh again. .If the Avatm’ jtassing over still 
manile.sts acid reaction, connect the retort Avith a vmall recidvcr coiitaiiiing 
Avater, and determine the hydrolluosilicic aci<l in the latter, alter the tcnni- 
nation of the jiroce.ss. According to SAiNi'K-Ci.AlfE Dka'ii.i.i; and Fot’iii 
by y»roj)erly conducting the ignition tlu; Avater may usually he cxpcHol 
freO from comliinations of fluorine, sin<‘e the latter reipiire a lar liigi''''" 
temperature for exjadsion than the former requires. After the Avatcr bis 
been driven off tlic fluorine is then expelled by stronger ignition, cithei a> 
alkaline metallic fluoride or as fluoride (»f silicon. 

The undecomposed part of a mix<!d silicate occasionaJly eontaiiis on 

* Cuinpt. rend. 38, 317 ; Journ. f. prakt. Chern. 02, 78. 
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Imictceous orfianlc matter^ in 'vvliich case it is the safest way to treat an 
aliquot l»art of it in a current of oxygen gas, and wcigdi tlic carbonic acid 
riroduced (§ 178). According to bi-xESSK traces of nitrogen are aJinost 
ijivariably present in the organic matter contained in silicates. * 

Silicates often contain admixtures of other minerals (magnetite, py- 
rites, apatite, carbonate of lime, etc.) winch may sometimes 1)0 detected 
])Y the naked eye or with tin* aid of a magnilying glass. It woidd be 
rather a difficult undertaking to devise a geiu;rally applicable method lor 
oases of this description ; I therefore simply remark that it is occasionally 
found advantageous to treat the substance fir.st with acetic acid, before 
giibjocting it to the action of' hydrochloric acid; this will more (‘s])ecially 
effect, without the least difficulty, the separation of the carl)onates of the 
alkaline earths. As examples of coni])letc examinations of tliis kind I 
may cite some analys(is by Dollfuss and Nkubaueu,* which were made in 
my laboratory. 

fiiilpl/ides are present, determine the sulphur by one of the methods 
crivcii § 118, IL, A.,1[ or by the method of Caiul'S (p. nOO). As regards 
the methods in the wet way, it must be borne in mind, that wlien l)aryta, 
ytrontia, or lead is present, a. portion of the sulpliuric acid ])rodnced 
remains in the insoluble re.sidue ; on fusion witli alkaline carbonate and 
nitrate this is not the case. If, besides sul|diide, a snlph<(fc is present, 
determine the snlpliiude acid of tlie Ititter, by boiling a separate ])ortion of 
the snhstanee with a solntion of carbon, 'ite of' ])Otash or soda for a long 
time, filtering, aeidifying tin* filtrate, and preei[)ilaling witli eldoride of 
l):irium. '.riie sulphuric acid thus ol)tained is deducted from tlio quantity 
ohtained after treatment witli oxidizing agents, and the renmiiider corre- 
sponds with the snlj)liur in the snl])hi(-le. 

The pri)fo.ri({(‘ of iron may'’ he conveniently determined hy' treating a 
poniori ill a sealed gl.ass tuh(‘ with hyulrochloric or sulphuric acid (}), flOH), 
and measuring by means of chromate or ])ermanganate of potash br piroto- 
cliloridc of till. 

If silicates contain sniall (jiiantities of titonlr ariti, as is very frequently^ 
the ease, care must be taken not to overlook this admixture. If the silicic 
acid has Ixmii sep.arated hy’ evaporation with hydrotdilorie acid — whether 
piecedcd or not liy decomj)<)sition with carlionatiMl alkali — and the evapora- 
tion lias lieeii elVf'cted on the w.aler-hatli, .and the dry mass has lu'cn 
treated with a siifrieient ([iiantitv of liydroehloric acid, the titanic acid, or 
ill least by fir the greater 2 )art of it, is found in the liydroehloric acid 
Rohitium 

Ilu! separated slllea may lie tested for titanic .acid, as follows : — Treat in 
‘I pl.atiumii disli Avith hvdi-of!uorie acid and a litth' su]])hnrie acid, evapo- 
uite^ liiso I, bo residue Avitli bisnijdiatc of })otash, (lis.solv<' in cold Avater, tilter 
if necessary, and sep.arato the titanic aciil from tlic .snl])liurie acid solution 
hy the inediod given ^ >07. 

regards the titanic acid contained in the hvdroidiloric acid solution 
ffllercd from the silicic acid, it is prccijiitatcd Avith the se.s(pnoxide of iron 
‘‘iidahimina, Avhen ammonia is added (§ Itll, i). In this preeip)itato it may 
-1‘dmaniiu'd (dtlier (o) by igniting the j)reeipitate in hydrogen, extract ing 
‘c reduced iron liy digestion Avitli dilute liydroelilorie acid, fusing the 
^csidiio Avith bisulpliate of potash, taking up Avith cold Avatcr, and precipi- 
kdhig tlie titanic acid by bulling (§ 107) or (0) by fusing the precipitate 

* .Tourn. f. pnikt. Cliein. 65, 19t). 
t The methods in the wet way would as a rule bo preferable. 

S S 2 
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at oiicoAvitli bisulpliate of ])otas]i, dissolving in cold water, ^1 

S(jhition as nearly as possible Avilli carbonate ol‘ soda, diliiiiiiM- ' 

so ^lat not more tbuii 0*1 grni. of the oxides may lx; eoiilained in Th) 
adding to tlie cold solution byposnl[)hite of soda in slight e\c(ss veiirin ' 
till the fluid, wbieli was at first violet, has Iteconie (piite eelorh ss, im,] 
sequent ly the whole of the sesquioxide of iron is ri‘due<'d, bellinn ti]| ^||| 
jduirous acid ceases to be disengaged, filtering, washing tin' ]ii(ri[,it.,n. 
with boiling water, drying, gently igniting in a. coven'd i>oreelain n l|(■il,|(. 
to expel suljthur, then taking the lid off and iiieia'asiiig tlic | 
thus obtain the alumina ((’uaxckl*) and the titanic acid (A. SnioMiYiif 
together, free from sescpiioxide of iron ; they are sej)arat('d Ity tin; imili,,,! 
above given. 

The following jwocess for analysing clay dill’ers in some re.qhjcis liom 
the foregoing method. 

10 . Analysis of Clays. 

§ 2:)(). 

The s('V('ral varietit's of clay, derived from the disint('gra!i('ii of lt ls|i;ii 
and other similar silicates, consist commonly of a mixture ul' line ,.j;iy 
witli quart/.- or felst»ar-sand, and often contain also se})aiate(l silieie acKl, 
which may be extracted by means of i»oiling solution of carhoiiate orseila, 

With regard to the? various technical uses of the material in (|ii(.>tiei!, ii 
is a matter ol’ inq)ortance to gain a knowle(lge of the const it iients tliai e;iii 
Ite separated by mechanie.al means. Hence it is judii'ioiis to make a 
mc'chaiiical analysis beli>re j»roee'eding to the ehemicid analysis.}; 

A. Mci'ltdiiii'dl J //u/y,s/,s. 


Tly the; .‘lid of the meidianical .‘inalysis W(* are ('milded to asei rlalu tli'; 
([Uantilivs of the coar.se sand, the inqxdpable .sind and the trin.' elav ivliid: 
tbrm the con.stitiients of natural clay. 

d’he ])rocess is effected with th(! .'lid of the elntri.'iling a])paralii' ividiii- 
mended bv bin S(.'in;LZi::j for the nieeh;inical tumlysis ol' soih. It roiiiiii' 
accordingly : — • 

u. gdass of the form of a ch.'impagne glass, cm. d(‘(‘p, and 7 »'iu, m 
diameter at the mouth, on which a bra.'^s ring is cemented, lo nim. heaf 
with a ttdae slightly iiu'lined downward, proe(‘e<ling from its sid(‘. 

J). A funnel tube; the diameter of the funnel shmild he .') eiii.. ih' 
tube .diould li(‘ dtt (‘in. long;, and .-ibouf. 7 mm, in di.'iiueter. It is iliawn 
out at the ])oint so that the mouth may be only b.') mm. in diaiiieler. 

c. A vessel of, at least, JO litres capticity, filled with wat( r. Hr' k '! 
materia! for this ves.sel is sheet zinc.; it should have an apertiir(‘ at lln' t'f 
for p(mring in th<‘ w.'iter, and ,‘i latertil opening al. the boltoni with >’'i' 
cock. Jt is placed iq»on a supj)ort, movable uj) ynd down. d iu' I'lnud 
tube is sus]»ended from tin; cock by means of a small cord, so tlot 
th(! mouth may be in or din'ctly above the funnel. 

d. A dish, or l.'irge heaker, to receiv(! the fluid rumiing from ikv ' 
cd large tube. 

(T'ush do grrn. of the air-dried clay under examination; traiislci !>' • 

* Coinpt. r(!Tnl. 40, 9^7 ; Annal. d. (Jliein. ii. l*h;uni. 1<)8, -->7. 
t AnriJil. (1. Cluan. u. I’liann. 110, 1^17. 

X Compare my Untersudiung der wiclitigsteii nasHauischeii Tlione, Joiini. 1 "' ' 
Clierii. 67, 06. 


II Joutii. f. prakt. Chem. 47, ‘-41. 
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porcelain dish, add 2 or 3 times the l)iilk of Avuter, and Ixdl for lialf an 
]] 0 iir, Avitli gentle rid)l)ing witli a pestle, to eflPect complete separation of 
tlic cuinponent parts of the clay. Allow the hoiled mass to cool, and, 
^vlicu cold, Avasli tlio contents of the dish into the elnti-iating glass («) ; 
open the cock ol the vessel c a little, and insert the funnel t nhe, Avith the 
j(ll of Avater issuing from it, into eg taking care to have the ])oint of the 
{iibo a fcAV millimeti-es al)OVC the deeju-st ])art of the glass, Avhich may 1)0 
olTccted cither by lowering the support of the V(?sse] c, or by jilacing the 
elutriating glass higher. Kegulate the cock so that tlie Avatei- .always tills 
tlio funnel about half; under these circumstances the pressure of the 
Avater, /.c., the ditfereiice of level in the elutriating glass and the iiiniiel 
pf H, is about 20 cm. 

I'.y the force ol‘ tlie jet of Avater the p.articlcs of clay an^ impetuously 
slii'j'cd uj); but oidj^ tlic finer of them are throAvii up sidliciently Ingh to 
i-iMcli tlie hiUr-al ojteuiiig .at the toj) of the glass, and thus to be carried otf 
tliivmgh the discliargo tube, and conveyed into tlie dish or l)e.aker (d) ; 
the coarse sand remains in tin; elulriating glass. AVheti the Av.ater runs otf 
almost clear from the discliarge tube, shut tlu; cock, reniovi* the elutriating 
glass, and r.apidly decant the still s()m(.‘AA']i.at turl)i(l licpiid al)Ove tin? co.arso 
s;iii(l into tlie disli ; tlnai rinse the deposited sand AA'itli tlie aid of a 
washing bottle Avitli jet directed iqiAv.ard, into a simdl disli, iliw, ignite, and 
weigh. 

Allow the turbid fluid in tlie dish or bo.akcr to settha tor at least l> 
luiurs ; tlnni di'eaiit the clear or still turbiil su]»erii.ataiit Ibiid, Avasb the 
(1< jiosit, wliieb is now sure to contain llie Avliole of tlie tine sand, into tlio 
cliiti'ial iiig glass, and repeat tin* ])rocess ol“ (,‘lutriatioii, restricting the tloAV 
ol water Iroin tlie vessel c to a mere dropping on to the side of the liumel, 
so tliat the column ot Avatun’ in the limiicl tube stands only about 3 cm. 
liiglior tlian in the elntrialing glass; continue this A»|t(.‘rat ion until the 
Avalor |);issing off through the discharge tnl»e is (piitc clear, Avliich, generally 
takes .‘I or d hours. Ih’occed with the residual tine sand as A\dtli the coarse 
sand a hove. 

I ft'lcniiliic noAv tlie Avater in ani»ther Aveighed portion of the air-dried 
clay, hy long ignition, and then tiiid lh<‘ anioimt of the very liiiest jiarlicles 
s<.'[iai'al)!t' hy cliit ri.it ion (the elav jn-ojicr) I'roiii llu' dilVereiice. 

I he (ollowiiig analyses of mine may lac (piotcd as examples of tlie results 
yiehlL'd hy this inouhod : — 

flay from Itillsclieid. Clay from F.hernhalin. 
(’oarse sand . . . 2 l-(i.S . . . 

Fine sand .... 1 I •2t> . . . 

Fl.'iy r)7uS2 . . . 7 1 -82 

Water (i-21 . . . SnSti 


, ipeitM) loouo 

• B. Chemical Anal n.ds. 

F irst Method, 

I riturate the clay ns tinoly as possible, dry a AA'eigliod samjile for 
^cieral days at 100°, and calculate tlu' moisture from the loss; kee]) the 
'led s;unp,I(; in a corked tube. 

I'lise 1 or 0 of the samjde dried at IDfF, Avilli carboinite of soda, 

'iin potassa, .'ind jaroceod exactly as din'clcd ^ I lU, 11., h. After tilteriiig 
the silicic acid (Avliicli is to be tested for titanic acid, after p. 1*27), 
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evaporate tlio liydroclilorio acid solution, willi addition of a. f(‘\v dn, 
of nitric acid, until the greater portion of the free acid is oxpollcd • 
dilute Avith Avater, inixAvith pure carbonate of baryta in excess, and lot i hi 
iiuxture digest lor 24 liours in the cold, Avitli rc|)eated stirring ; 
wash the precipitate, which consists of hydrate ofahnnina, a little liydVitol 
sesquioxide of iron, and carbonate of baryLi, first by decantation, tlion on 
the filter, ])is.solve the washed [»reci{»itatc in hydrocldoric acid, [jrccii i 
tate the baryta by sulphuric acid, iilt(u*, Avash, add tlu- Avasluiios^ 
the filtrate, and divide the latter into two ecpial portions, a and j], 

a. rrecij)itatc Avith anunonia, alloAv to stand lor sciiin; time in n 
Avarin place, then filter; dry and ignite the prccipiiaio, liii;,]|y 
by means of the blast gas-lamp. Weigh the ignited precipitato 
and mnitijdy the Avciglit hy 2. The result is aliiinljim- ,sos(jul. 
oxide of iron.'*' 

fi. Concentrate, and determine the sesquioxide of iron with [iroro- 
chloride of' tin (p, 11)7), or mix Avith tartaric acid, aninioiiin, and 
snl})hidc of ammonium, and cstimatci the iron as sulphide (p. Ilia]. 
The sesipiioxide obtained, or ealculatod from the sulphide, is to 
he mnhip)lied hy 2. 

The alumina -- the result of «, the restdt of />, and (in the oviiit 


of sneh hediig found) iniiuts the small (piantities of titanic and silicic acids 
Avhicli Avore obtained in «, and wbieh of course are to l>e llrst nndtiplicd 

Mix the fluid filtered from flic ])reei])italc jn’odiieed by carlioiiatc ol 
baryta, without ])revious eoneentration, cautiously with snlplniric acid, 
filter offtlio sulphate ol‘l)arvta, and Avash until the wasliing.s ;irc (piitc iico 
from snlphnrie acid, ('oncciitrate the filtrate', hut not snllicieiitly to cause 
separati(.)n of sul|)hato of lime; tlu'n sejearatc the lime and iiuigiicsia as 
directed § lot, f. ( 32 )- 

c. Treat 1 or 2 grm, of tlio clay dried at lOO^Avitli aeldition of-sidpliiiric 
acid, cdther Avillt .strong aejueous liydrollnoric acid (p. .‘10(1, nn), ur with 
hydrofluoric gas (p. dOO, //A), or Avith* fluoride of timmoniimi (II. Ih'stf). 
To cfleet the decomposition Avith tlue latter reuigciit, Acann tli*' lliuiy 
tritur.'itcd clay in a platinum dish Avith six times its ((uuntity ol the salt, 
and .soiiKi Avatcr at (irst ge'iitly, increase the heat gradually t'> low I'ctliicss 
(but not above), and continue the ignition till no more fumes a la' cvohiil. 
Treat the re'siduc Avith sulidiurie .acid, and cv.aporate tin' ('xcc.^s <>1 snljihiino 
acid. 'Whichevcu' Avay flic sulphaU-s have Ih-cii jn’opaiad, tin y arc Ircatcd 
Avith hydroehloiah; acid. If’ anything nanains uiidissidved, allow to .settle, 
pour oil' the (dear fluid as liir as possible, .and snl)jeot tlio rosidiio to a Iresii 
treatment with liydrollnoric .acid or fluoride oraminoiiiuiii. To the dilute 
hydrochloric .acid solution .add caiution.'^ly chloride of barium as loii.u es u 
precipitate form.s, then — without filtering — e.arboiiate of amiiuuiia and soiie 
ammonia. Let the precipitate deposit in tlie cold.; filter, wash, evupomte 
the hltrate, ignite the residue to expel tlm .aminoniti stdl.s, .and tlieii I'moo 
to determine tin.' .alkali<es in the fluid, Avliieh still eouttiins magnesia 
lime, as directed p. .‘>(12, 16- . . . g 

•'(/. Determine the water, in a Avoighed .siimple of the clay dried at i 

* If this preclplt.ate Is treated after tlio iii< tliod de.scrihed pp. 
tion of the titanic acid that in.ay lie })re.scnt will fju found. Should an in.sohih ' 
remain on fu.sion with bisulphate of potash and treatment with water, the .saiiioco 
of silicic acid. 


+ Pogg. Aniial. lOS, 20. 
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1 long-coiitinnecl ignition in a platiimm crncihle. (The loss of weight 
e]iQWS°tho amount of water present in a state of eomlhnation ; but the 
nsiilt is g(!iK'ralIy a little too high, as many varieties of clay contain traces 
ot decomposed l:iy ignition ; and many evolve 

ilso ti'ilIii‘o of chloride of amnioniuiii. Comp, my memoir, 

alliuled to at the commencement of this §.) 

The foregoing processes give the gross comj)osition of the (‘lay. To 
q^cortain also how much of the silicic acid found (exists in combination 
ivith the bases of the clay (A), how much as liyd rated acid (1>), and how 
miirli as (piart'z sand, or as a silicate present in form of sand* (C), the fol- 
lowing ])rocesses are retpiirc'd. 

(‘. llcat a third portion (1 — 2 gnu.) of the clay dricnl at KhC, with an 
excess of livdrate of sulphuric acid, to whi(;h a little water has been added, 
for 8 or 1 •> hours, finally ex])clling; the acid. Allow to cool, add walci-, 
wash the undissolved residue ( A + li + sand), drv, ignite, and weigh ; then 
treat witli boiling solution of carbonat(i of soda., as directed j Lb'ld, b. 
Filter off the undissolved sand, wash, ignit(‘, and weigh. r>y snhlracl ing 
(his front the total residue first obtained you will Inivt^ A + T>. If the weight 
of the first residue is e([ual to the total amount of silicic acid found in 
//. tlie sand is pure (piart/ sand ; hut if it is greater, the sand is not ])ure 
(jiiai'tz sand, hut consists of the more or less sandy powder of a silicate, 
f.ij,, felspar sand ; in the latter case, (.' is fbiind l>y sulttractiug .A + \> from 
(lie total quantity of the silicic acid. If yon desint to know th(‘ natiirti of 
the sandy silicale, a sjK'ci.al analysis must he made of tlie seyiarated sand. 

/’. To ascertain the amount of silicic acid winch a hoiling solution of 
carl)onatc of soda will nmiovi' from tin; (day (Ij), and whicdi may ho 
a.^inned to lx; ])7'(‘s(mt as hv(lrated silicic acid, boil a somewhat large} 
weiglied portion ol’ the samphe, dried at. HlO°, repeatcxlly with the solution 
in iiuo.^ion, and determine the silicic acid in tin; filtrate l)y evaporation 
with hydrochloric acid. • 

Finally, A (A 4 - I))— B. 
tSecoiid Method. 

The analysis of (days eom])OS('d of (piartz sand, and of clay ix'adilv d(}- 
(’Oiiigosed l)y sul[dinric acid, may he elVeeted l»y tlie following iniieli less 
coiiiplicaiod method : — 

(t. Pre|)arali(in fur analysis, drying, and ostiniation of water, the same as 
in the first method. 

Dc.'eonqxjse about 2 gnu. Avilh sidphurie acid, as in c of the first 
method; rcniov(! tin; greater j)art of the sul[>huric acid l>y ovapoiat ion, 
<h!iile with water, and filter off the silicic acid and sand : weigh ; S('))arare 
the silicic acid from tlu; sand by solution of earlwmatc (.'f soda, and fiiudly 
deteniiiiio the Aveiglit of the s;ind. 

<-■ Add to tbc iiltrati’ of A, cautiously, Siohitiou of idtrati; of lead, taking 
t'^’e to avoid a notable excess; after several hours, tilUT off the snl])liate 
t'l load, wash, add the washings to the liltrate, then remove from the latter 
hie la.st tr:ic{' of lead by suljdiuretted liydrogen, filter, evajiorate the liltrate, 
filially ill small dish, and treat the residue as (lirect('(i ^ Itil, 5 (117)- 
As clay rarely contains weighahle traces of manganese, this method (117) 

I’ediieed to a few simjile o])erations. 

* Folspar sand, for instance. 
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11. Analysis of Limkstones, Dolomites, ]\rAi:Ls, &c. 

As tlio minerals containing carbonate of lime and ear])onato ofnia'nKsi ^ 
play a very important ])art in nianufaetiires and agrieidtiire, tin. cliomi^t Js 
otten called upon to analyse tbeni. The analytical ])rr)c('ss diltVrs accoid 
ing to the dillerent objecrt in view. For technical pnrjujses, it, is 
to dftei-mine the ))rincipal constituents, the geologist takes an interest al<o 
in the matter present in smaller [)ropor(ions ; whilst the McTiciiltiiril 
chemist seeks a knowledg(‘ not only of the constituents, Imt :il.so of t],,, 
state of solubility, in tliHerent menstrua, in which tht'y are severallv 
|)rcsent. 

I will give, in the first place, a process for efiecting a cnniplete aul 
accurate analysis; and, in the second ]ilace, the vohuiictric iiKtlieb 
by Avhich the carlionate of lime (and the carbonate of magnesia) mav l,o 
determineMl. An accurate qualitative examination should alwajs jne'cedi! 
the (]uantitative analysis. 

A. Method of effectinu the Complete Analysis. 

§ 237. 

((. Foduce a large piece of the mineral to pow’der, mix thi.s iiuifurinlv, 
and dry at 1(H)'’. 

//. Treat about '2 grm., in a covered be.aker, Avith dilute hvdrnelildric 
acid in excess, evaporate to dryness in a ])latinuin oi* poreelain dish, 
moisten the re.sidue with hydrochloric aci<l, heat with Avatci’, tiller on a 
dried and weighed filter, Ava.sh tin- insoluble residue, dry at lOD , and 
Aveigli. It generally consists of separated .s/Z/c/c cavV/, c/u//, timl sc/zd; 
l)iit it often contains also h'liiiii.^-liha iiidlttr. (_)ppoiTuiiity will he aH’oi'dod 
in ;i for examining this residue. 

c. Mix the liydrochlorie aeid solution with eliloriin' water, tlicii with 
aniinonia in slight excijss, ami let the mixlure stand at rest fiu’ sonic time, 
in a cover'd v<‘ssel, at a gciith; heat. Filter olT the pi’ecijiitate, which contains 
— besides the liydrates ol’se.^cpiioxidi' of iron, .so.szpiiuxide oi’ niangaiicse, and 
ahiniiiia — the j))ios])horie acid which th(‘ analyi'od conipoiiiid may coiilain, 
and, moreover, invaria!>ly tnu'cs of lime and magnesia; wash slightly, timl 
redi.ssolve in hydroeliloric aci<l; lieat the solution, add chloriiK! water, and 
then jirecipitate again with ammonia; fdter olf the ]»recipitate, Avasli, dry, 
ignite, and weigh. 

For the o.stiniation of the .several comjioneiits of the ]irecipita1c, viz.. 

of iron ^ protoscstjnio.riilr. (fnKinijoncsr^ (ilinniiid^ and jdinsfiofifi 
(tcid, opportunity will lie aUbrded in (/. 

d. Unite the llnids filtered from the fir.st and second pr(‘(d[)itatc.s yro- 
duced l)y ammonia, and determine the Hiiir and iiKojiirsia as dii-eeted § hil, 

h(32). ^ ^ 

a. If the lirne.stone dried at 100'’ still gives water upon ignition, this u 
(•.stimated best as directed § dO. 

If the lirne.stone contains no other volatile constituents liesides water 
and carbonic acid, ignite Avitb fu.scd borax (j). 21)7, C‘), and suhtract from 
the l(»ss of w'eight sufiered, the water fiimid in c; the difi’m’mice is tlary z//' 
hhnir (told. 11' this method is ina])plicahle, determine tlie carbonic acid as 
directed p. 21)b, hh^ or, more accurately, as on p. dOO, e. 

0, To elFect the estimation of the constituents present in smaller pre- 
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portion, as well as tlio analysis of the residue iiisolnhlo in Iiydrocliloric 
acid, and o( the i)reci])itate prodneed hy ammonia, dissolve 20 — 50 grin, 
of the inimu'al in hydroehloric ;icid. As the evaponition to dryness of 
hw'go quantities ol iluid is always a tedious op(‘ration, gently heat the 
solution for some time, to expel tlie earhonie acid ; then filter through a 
ivoiglicd filter into a litre ilask, ^vash the residue, dry, and weigh it. 
(Tlu! weight will not (piite agree with that of the residue in />, as tliC 
latter (‘ontains also that jiart ol the silicic acid which here still remains in 
solution.) 

a. Analiisifi of the insoluble liesidue. 

an. Treat a portion with lioiling solution of pure rarhonate of soda 
(§ If and separate the silicic acid from the solution (§ 1 4(1, J a ) ; this 
process gives the (piantily ol that portion of the .s///c7C' ucvV/ contained in tlic 
residue, wliich is soluble in itlholies. 

bh. Tr(‘at another ]K)rtion, hy the usual process for silicates (§ 1-10, 11., If 
iind deduct from the sdue/c ornl found, the amount olitained in oa. 

ec. It the residue contains orif<(nic ntoffer (humus), det(;rmin(', in a por- 
tion, the carbon by the method of ultimate analysis (p. 4713, b). Veti- 
jioi.DT,* who (hiterinined 1)y this method the coloring organic inatter of 
several dolomites, assumes tliat 5S parts of carbon correspond to 100 parts 
of organic siilistanee (humic acid). 

<11. If the; residue contains /n/fi/('sf fuse another portion of it with car- 
lionab^ ol soda and nitrate of ]»o(a.ssa ; maci'rate in water, a<ld hydroehloric 
acid, e\'a|)orat(i to dryiH.'ss, moisten with hv<lrochloric acid, gauitly heat 
^villi watcu*, filter, deteiunine tlie sulphuric acid in the lillrate, and calculate 
from the result the .amount of pyrites ]>resent. J 


ft. Anahjsis of the .11 ffileoehloelc Acid Solution. 

Make; the solution up to 1 litre. • 

eu. 'breat nOO e. c. as directed § 200, 7 (p. 504) in order to the deter- 
niiiial ion ol tin; s/hetc dcnl that h.as p.assed into solution, and of the biOfAd, 
t>iroutia, ((luuiuot, //<(fut/i(it<'s<\ iron., .and jihosphorir <u'i<l. 

bb. Although it is ])ossible in no to test for metals jtrecipitable by sul- 
I'liurotted hydrogcai iVom acid .solution, c.//., cojiper, .and if“ required to 
ilctcriiune tluan, still it is more coinaadent to eniplov a fresh quarter of 
till.! liydrochloric acid .solution t()r this pur])(.)se. Mdie ])reci])itat(' (d)t.ained 
1'} Jiassing the g.as into tlie warm diliilc solution is wa.shcd, dried, and 
ticatcd with bisul[)ldde of carbon. If a residue remains it is to be 
e.\'amiiied. 


er. The remaining (piarter of the dilute hydrochlorii' acid solution is 
(iscd for the estimation of the u//.at//(s.|| Mix Avil.h chlorine water, then. 


^ -Journ. f. jmilvt. Chcui. (53, 104. 

• • PetzlioMt, loc. rif. ; Kbtdmeii (Conipt. rciul. 33, (5.S1) ; Dcville (Compt. 

1001 ; Joiii-n. f. prakt. Chem. (5*2, .SI); Kotli qlouni. f. prakt. Clicm. .'58, 84). 
+ It the residue coiitain.s .sulph.'ite of baryta or strontia, the.se coiujnni.Td.s are formed 
fgam upon evapor.a'ting the soaked inas.s with hydrocldoric .acid ; they remain accord- 
on tlie hller, whilst tlie .sulphuric aeiil formed by the .sulphur of tlie pyrites 
I'iissi'H into the filtrate. 

li llie simplest w.ay of .aseertnining whether and wind, alk.alie.s arc present in a lime- 
® I’ll'*, in pi-ocess given by Kngelbaeh (.Aninih d. (Mu m. n. IMiarin. 123, 200) — viz., 
•siiite a portion id’ the triturated mineral strongly in a platinum crucible over the blast, 
'll With a little water, filter, neutralize with hydrochloric .acid, precipitate with 
imoiua and carbonate of ammonia, lilter, ev.aporate the filtrate to dryness and 
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■vvitli ninmonia and carbonate of aniiuonia ; after allowing tiro mixtm.,. 
stand for some time, liltm- oft the |)rcei])itat,o, eva]>orato the tiltmto to 
dryiK'ss, ignite the residue in a platinum dish to remove the aimuoiiia 
s;d'ts, and rinally separate the magnesia from the alkalit's as (lii-(rtp(l 
p. d()2, 16- ft'he reagents must be most earefully tested i'oi- tl.xi.d 
alkalies, and the use of glass and porcelain vessels avoided as iirr as 
praeticid)le. 

Should tlie limestone contain a sulphate so]ul)lo in lijdroeljluric ai ii], 
precipitate the sulphuric acid by a small excess of cliloihle of l)arii(!), 
allow to settle, and lilter off the sulphate of baryta (^vhi(dl is to he deter- 
mined in tlie usual manner) before proceeding as above to the estiinatioti 
of the alkalies. 

h. As ealcite and aragonite may contain Jhiornh','^ (dKXZseii''^), tlio 
possil)le [ua'sence ot‘ Ihiorine must not bo disregarded in aeeiinito .•ma- 
ly.ses of limestones. Treat, therel’ore, a larger sample ol the mineral wiih 
€*icctic acid until the carbonate of lime and carbonate ol magnesia are do- 
composo<l ; (!v;i})orate to dryness until the e\«*(\ss of acetic acid is com- 
pletely expelled, .and (‘xtract the residue with water (§ ld(S, 1.), We liavc 
the fluorine in the residue. If it c.au be di.stinctly (h'tected in ;i jMsi’llon of 
the saine,f tlu‘ determination may 1)0 ,attem])te(l aft(T § Ifh, o. 

/. If tlie limestone under examination ('ontains r'A/o/h/es, treat a large 
sample with water and nitric acid, at a very gentle luiat; filter, and preci- 
pitate the chlorine from the filtrate by solution ol nitrate ol silver. 

/•. It is often iiitcwesting il)r .agriiadturists to know the degre(> of solu- 
bility of .a sample of lime.stone or marl in the Aveaker solviails. dliismay 
be asc('rtained liy treating tiui sample lirst with water, tlimi witli iiccfic 
acid, linally with hyalrochloric acid, and examining each solution and tlic 
residue. The analyses of marls made by (’. Sri!i:('KMANN:J; \v(*re done in 
this manner. 

/. ^fo effect the separation of the caustic or carbonated lime, in hy- 
draulie limes, irom tbo siliiaates, I)j;vii.li;|| ju'opo.sed to boil Avith solu- 
tion of nitrate ofammojiia, Avhieb ho stat<Ml Avould dis.solve the caustic lime 
and carbonate of lime, Avilliout exercising a (leeomjiosing action on the 
silieati.'S. Gcnnixo^ I'miml, liOAvever, that by this process the donlde sili- 
cates of alumina and lime are mon* or less deeomjioscd, Avith si paralioii ol 
silicic acid. As yet no method is known by Avhich llui object here .slateh 
can be accomplished Avith alisoliiU.i accuracy ; tlie best Avny, pei'ha]*^, i."- 
treating the .sample with dilute acetic acid; C. Knais//*'*' reemmneml.^ 
hydrochloric acid. 

Jb VoLUMLTiUC DkTKKMINATFOX OF CAtUJOXATF OF LlAIF ANJ) f AKnoNAH- 
OF Magxfsia (for technical purposes). 

§ 238 . 

a. If a mineral contains only earhon.atc ot lime, the ;miount el tk. 
latter may, be e.sti mated from the ([uantity of acid rc(piii eil to elht.t ib 

example with the spectroscope. The carbonate of .amnioni.a prccipihito tna} 
porated with hydroclihjric acid to dryness, and examined in like mantierlor oai} ■ 
stroutia. , , 

♦ Pogg. Annal. 90, ]4.b t See (iiial. An.al. § Mh, »>• 

X Annal. d. Chern. u. Pharm. 71, 1/0. 

II Compt. rend. .*17, 1001 ; Journ. f. prakt. t'hem. 62, 81. 

Journ. f. prakt. Chem. 62, 318. , 

** Gew'crbeblatt aus WiU-teinberg, 1865, Nr. 4 ; Chcin. Centralbl,, 18t)0, - 
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(lecoiiipos'tion, tlio motlioci JcsctIImkI in § 22:i* boing employed for (be 
j.iirpose. Or tlio oiirboiiie acid in (be ininornl in:iy lie (bterinined, say by 
the ajetbod dcserdxal p. 2;)b, M, and 1 eep carbonate ol' lime nO calculated 
Ibr each eq. carbojiic acid - 22. 

b. But if the inineral contains, besides carbonato oflimo, nl.so enrlionato 
of magnesia, tlie rc.sults o})tained l>y either proce.ss give the quantity ot' 
carbonate of June + earbonato of magnesia, the latter ])eing ev]ires<=e(l l,y 
its equivalent quantity of carlmnate of lime (/.e., hO of carbonate nf Jimo 
for 42 of carbonate of magnesia). If, tlierelbre, you desire to know the 
actual amount ol eaeli, you mu.st, in addition to tlio above determination 
estimate one of the eartlis separately. For this purpose one of tlie two 
Ibllowing methods may lie enqiloyed : — 

1. Mix tli(‘ dilute solution of 2— o gnu. of the mineral with ammonia 
and oxalate ol ammonia in excess, allow to .shmd Ibr 12 hours and then 
iilter. Ignite the [ireeipitate ol oxalate of lime, together W’ith the lilter, 
and treat the carbonate of lime pro<luee‘d as di.-eeted § 22;h This jiroees.s 
giv(),s the amount of lime contained in the analysed minend ; the dilh-reiiee 
between this and the former^ resnit gives the* carbonate of lime which is 
eijuivalent to the {imount of carbonate of magnesia pre.sent. To (ditain 
perleetly accurate rc.sults by this method, double [»recipitation is indisiicn- 
sable (.see § 1 o l, t>, u). 

2. Di.ssolve 2 — 0 gnu. of the mineral in the least jtossibile excess of 
li} drochlorie aedd, and add a solution ol' lime in sugar water as Ion*'' as a 
precipitate lorms. Fy this oix-ration the magnesia only is [irecijiilated. 
I’lltcr, wash, and treat the jmeeipitato as directed § 22.4 ; ‘the ivsnll repre- 
sents the (piaiitity ul‘ the magm^sia. Deduct the quantity of carbonate of 
lime equivalent thereto from the result of tie* total determination; the 
reinaimler is the ainoiint of carbonate ol' lime present. 

iiie method 2 is only snitabde when the pnqiori ion of magnesia is small. 

12. Analysis ok Ikon Okes. 

I sliall here doseribe the analysis ol’ hematite, limonitiq l)ng-iron-oro, 
mngnctiLq and ehalybiun In some eases, a (•om])let.e analysis is required; 
m ether, s, simply the e.stiination of certain eun.stitmmts (tlu' ii-on, jdios- 
]nont acid, sulj)huric acid, Ac.) ; in others again, merely the determination 
m the iron. 


A. iMirriioDs kok ekkectinu the comklete Analysis. 

§ 2TJ. 

I. IIl.matite. 

Il the mineral contains only sesqnioxidii of iron, moisture, and camrue, 
1,1 aeid.s 1 should enqdoy method 1; if it eoniains al.^o' ].1 k)s- 
P 'one acid, alkaline 'eartliy carbonates, protoxide of maimanc.se, Ac., 
'^‘t‘tliod 2 IS preferable. - ^ » 

Ju/'st Mvthod. 

lu-diiee to an im[)alpalde powder and dry .at 1()(F. 

«. Weigh oil a jiortion in u idatimim or ]H>re('lain ])oat,| iii.sert this in 
U3e ot dillicidtly-fusilile glass, ])ass a stream of dry air throngli tlie 

+ Tl *^mtho(l, with some sliglit ditference.s, wa.'i fiiat i)roposed by Itineau. 
fusible provided it is of difficultly 
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tube, nnd liont tlie sulistaiice till all water is expelled. Allow to (.,,,,1 
in tlie current of air, and wcigli. The los.s of weiglit indicates tlio 

b. Ivo-insert the l)oat in the glass tube and heat it in a stream of ' 

hydrogen, till no more water is ibrnied, raising the tenijxa-atuia* at the ( ijJ 
to the highest pitch. Allow to cool in the hydrogen and Aveigh. 
loss of AV(‘ight indicates the oxf/t/rn combined with the iron to sescpiioxide 
from which the amount of the latter can be calctdated. ’ 

c. hix the eye of the boat containing the reduced iron to tlu' end of a 

platinum Avire, ])Iace the lH)at in a J -litre Hash, add some water, then dilute 
sulfihuric acid, and (dose the llask, but not air-tight. The hmdy divided 
metal dissolves Avith evolution ol’ hydrogen ; assist the action by a yeiiile 
heat. As soon as it is hni.she<l, elevate tlie lujat, rinse it, heat the lluid to 
gentle (d)ullition, to exj;el hydrogen, allow to (;ool, till u]) to the mark 
shake, allow to settle, Ldve out lOU c. c. of the tluid, and deterinine tlm 
iron Avith juTinangaiiate or chromate of i)otash (p. iSli or 11)2). 'Pl|,> 

result must corresjmnd Avith that obtaiiuxl in b. If tiny should not acne 
sutliciently, the can.se may lie in the solution of protoxichi of iron Jiaviirr 
become slightly oxidizcnl. In sindi case, ther(‘l()r(', a further i|uantity of 
loo c. c. is boiled Avith a little ziiu' (|)re(eral)ly in a stream od' earlKuiie 
acid), and then tlie estimation Avith jiermanganate is repeattal Avith this. 

(I. The nsii/ne Avhi(di has s(dtled to tlu! bottom of the Hash is eollo'ctod 
on a tilter, Avashed, dried, igniteil, ami AveigluH], It usually consists of 
silicic acid, but may (‘ontainalso alumina and titanic acid. To lind, and, if 
re<pured, to <letennine the latba*, fuse* with bisuljdiab' of potash, dissolve 
in cold Avater, and endeavor to separate the titanic acid by long lioiliiiLt 
(§ 

Scro)nl Method. 

This is similar to the firoccss emjdoyed for limonite, see IxdoAV. 

ddie (hmomjxasition and sedution of the h<‘malite Avill not lake iiioro 
than a few hours, if the mineral is very linely jxvwdered, and is digested 
at an (devated temperature beloAv boiling Avilh a. sidlicitnicy of iiiiiiiiig liy- 
dro(diloric acid. The .separabxl silicic acid is to be tested ior titanic acid 
as described ]>. dOl. 

II. Limonitk. 

Tbi.s ore contains the iron, or the far greater part of it, as liydratcd 
ses(piioxide ; there are ])r(.'S(nit in addition, oxides ol'maiiganese and aliiinina; 
ol’ten also small (piantities of lime and magnesia, of siliidc acid (in oniii- 
bination Avith l)as(*,s), jiho-splundc acid, and snljihuric acid, and a. larger 
or smaller amount of (piartz-sand or gangue insoluble in lydrochloiK 
^ acid.* 

IJegin the analy.sis by finely puhmrizing the ore, drying the poAvder 
accoixling to ci re nm. stances under the desiccator oi'»at 100°, and igniting 
j)ortion for the determination of the Avater. In the latter [trocess, it must 
1)0 borne mind that, in presence of carlionates of the alkaline earths, or 

* I’c.side.s these substances, Avlfich are generally found in limonite, traces of otlicr 
bodic.s are often also detected by a searching analysis. Thus A. iM idler (Aiai‘< 
d, ('hem. u. Pharm. S(i, 127) found in a bean-ore (.smedtod at (Jarlsliiittc, 
Alfeld) weighahle traces of potas.4a, .'irsenie achl, and vanadic acid, and unvveig u 
tract's of chromium, copjtcr, and molybdenum. 

For an iron ore very rich in vanadium, comp. II. Deville (Compt. ivml. - ’ 

Journ. f, prakt. Chein, 84, 255^ 
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protocarbon.'ite of iron, tlic water must not be estimated froui tlie loss of 
Iveiglit, but by direct weigbing (§ dd). 

Heat al)Out 10 grm. of tlie finely })ulverized miueral, in a flask, with 
concentrated hydrochloric acid, until com|>leto decomposition is ’ctrcctod ; 
transfer to a dish, evaporate on the Avater-l)ath to dryness,* moisten tlie 
residue with hydrochloric acid, heat gently, dilute with water, lilten* into a 
Hlitrc flask, and w;ish ; dry, ignite, and weigh tlie undissolved residue; it 
consists of (piartz-sand or ganguo, and s(‘j)arated silicic acid. The latter 
may be isolated and deterinined, liy boiling the residue tvitli a solution of 

carltonate of soda (§ ^05, It). 

It' you want to knoAv the nature of the ganguo, treat it by one of the 
riiothods giv('ii for the decomjxisition of silicates (p. .‘lO-t, It). 

The filtrate is diluted to 500 c. c., and then treated as follows: — ■ 

1. To (letonniiH! the niilitlniric (irid^ eva|)orate 100 c. c. until the greater 
part of the hydrochloric acid is removed, then dilute witli alioiit l5m) e. c. 
Avater. add chloride of barium, and let the mixture stand at least 2f hours; 
tlieti filter off tlic trifling precipitate of sidphate of liaiyta whii.h genendly' 
forms. 


2. Detei'inine, in another portion of lOO c. c., the ii//nsphoric arid, liy 
means of molybdate of ammonia (p. 27M, h, jy). It must not l)e 
forgotten, that arscmic acid is also precij)itable by molybdic acid. It must 
tlierefong if occasion i-e([uire, lie removed by the transmission of sub 
pliiin'tted liA’drogen at 7(> 

Ij. Determine the iron twice volumetrically Avilh protochloride of tin 
({). H)7) using 50 c. c. f<)r eacli ex])eriment. If the sr>lution contnims 
protochloridi! of iron, the measured ])oi'lions must first lx? healed with 
some ehlorati' of ]x>lash and then boihxl till the chlorine is driven off. 

4, Preeijiitate lOO c. c. after p. .‘IIIO, 112 . Avilh a('etate of ammonia ; 
after having boili'd with nitric acid, if the solution contains j)rotochloride 
ol iron, d’he preci[)itate is to be wadi Avashed, dried, ignitixl and Aveighed; 
it (‘ontains the Avliole of the ses(pii()xid(‘ of iron, alumina and pihosjdioric 
arid .and usually a ]Ktrtion of tin.' silicic .acid. Altca’ Avcighing-, I’use it Avith 
bisulphate of [)ot.a>h, gr.adiially imaa/asing the heat till tlu' solution is 
(dFcrted. On tre.aling the fused mass with Avateax aipy silicic acid {iia'Seiit 
Avill remain behind. The alumina is found bv deducting the silicic .acid + 
tlie ])hosphoric acid + tlie ."^es(piio\ide of iron from the total [ireeijdtatc. If 
you dcsiia; to detiaanine the alumina <lir('ctlv, the method p. thSO, 72 is 
till' most accurate ; it must here be borne in mind that in the separation of 
the iron as sulphide, the phosphoric acid remains in solution, .and, if the 
ttmouiit of alumina is sulliciiait, is complettdv preci|)itat(‘d with the' latter, 
•md must iluaad’oiaj be deducted from the Aveight of tin' alumina ]u ('<a[)itate ; 
d, on tlie contrary, the ]>ho.s])horic .acid |)rexlominates over the alumina, tin* 
‘ihimiiia j)reci]dtate consists ofAf^ O^, I’O^ and the Al., O., is to be calculated* 
tliercli-oni. . 


hi the filtrate from the ])recipitate ])roduced bv the alk.alinc acidate, 
determine the manganese and alkaline I'arths ;is direet(.'d p. ddtl, 112 . 
Should Aveighable traces of co])]x‘r or arsenic have' Ix'i'ii found in the 
T^'dilatlve analysis, tln'.se metals are first to be .sejmrated A\ith suljJiuretted 
fiydrogen. bi this case reoxidize the protoxide of iron produced by means 
D nitric acid, and then |)recipitate as directed. 


liydr 


Tn the prc.sf'iieo of a Avcigh.nl)le (jnantity of arsenic acid 
AJchlurlo acid sululiuu mu.')L be di.'^ixaiscd with. 


the evaporation of the 
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5. Protoxido of iron and carbonic acid, if present, arc to be deterniintil 
as directed under Clialybile. 

III. Bog-iron-ore. 

Bopf-iron-oro consists of a mixture of byd rated sosqnioxi'lo of iroi^ 
Avitli basic «dts of sescpiioxide of iron witli silicic acid, siilpliuric acid 
pliosplioric acid, arsenic acid, creiiic acid, apocrciiic acid, and huinic acid' 

and geiiorally contains ])esides tliese, gangno, alundma, oxides of mair'ancso' 
lime, and magnesia. ’ 

PcdiicG tlie ore to ])Owder, and dry. Expose a portion of it, in jm open 
platinum crucible, at first to a gentle beat, to l)urn the organic acids, tlicu 
gradually increasing tbe beat, m.'iiiitain it for some time at intense redness 
'vvitb tbe crucible placed in an oltrnjuc position. The loss e,\j)r(ssc,s tlio 
amount of water and organic snb.stance.s. 

'freat anotber samide hy tbe nu^tbod given in II, ; tbe sample may 
previously be very gently ignited, only just sutlicicntly to ilesirov tluj. 
organic substances. 

If you desire to detect and determine tbe organic acids, boil a larux'r 
portion of tbe finely jndvt'rized oia; wilb pure solution of ])otassa, until it 
is converted into a lloccnlent mas.s. Filter <'ind treat tlic filtrate as directod 
§ 201), 11. 

IV^ Magnetite. 

This contains tbe metal ns protosesrpiioxido. An.'dyso tlio ore lii 
tbe same way as tin* bematite, and aft(‘rwards iji a se])aral(‘ tveiglied 
portion, dissolved in bydrocbloric acid, in a current of eaibonlc acid, 
determine tbe protoxide of iron volimn'trieallv 1>V means of cliroiiiate o( 
potash (]). 11)2)01’ ibe sesquioxidc by moans of protocliloridc of tin (p. IDT), 

V. CllALYBITE. 

Tills contains prof oca rlionatc of iron, .associated nsn.ally wltli proto- 
carbonate of majigane.se and carlxmates of tlie alkaline earllis, and often 
mixed also Avith clay and gangue. 

Pediiee tlie mineral to powder and dry, 

a. Detmaniiie tbe Avabw as directed § 30. 

h. J)etermine tbe carbonic acid jnad'crably after p. 3t)0, e. 

c. Dissolve a third ])ortion, say K or 10 grin., in liydrocldoric acid, add 
some eblorate of j)()ta.sb to oxidize all tbe jirotoxide of iron ])rcsciit, boil 
till the fluid ceases to smell of cbloriiio, filler ;uid treat botli residue anil 
solution as directed for limonite. 

d. In a ibiirtli jiortion of tbe jiowder, dis.solved in bydrocbloric acid in 
a current of carbonic acid, measure citlier tbe .se.sijuioxidc ol iron Avitli 
jirotocbloride of tin (p. 11)7), or the protoxide of* iron with cbroinate d 
poUtsli (]). 102). 

B. Estlmation of the Iron in Iron Ores, 

§ ^ 40 . 

1. Volumetric IMethods. 

iMany volumetric methods have licen jiropu.scd Avitb the above object 
and adopted, and some of them have fallen into disuse. 
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Of llie following rnetliods the first deserves especial attention on aceomit 
of its simplicity and [decision. 

First Metkod. 

Powder vcrij firrhj and dry in one way or the other, according to tlie 
(^]■^•cm^stances. Digest with hydrochloric acid at a gentle lieat,^ by no 
j,je;iiis boiling. In the c^ise of hematite the finning acid is indispen- 
s;iblc, mid in the case of liinonite it is to be jirelerred. When the 
(locoiuposition and solution is complete, dilute somewhat — if the ore 
contains protoxide of iron, add chlorate of potash, and boil till all free 
chleriiio is expelled — and del ermine the sesqnioxide of iron with ]>roto- 
chloride of tin (p. VM). It is unnecessary to filter tlie iluid from the 
iiinlissolved gangue. 

Second Method. 

Ih’cparc a. S(.)lution as in the first method, containing all the iron as 
sesquicldoride, and fnic from nitric acid ami iree chlorine, nearly neutralize 
llic free acid with solution of jiotash or soda, transfer the fluid with 
or without the undissolved residm- to a slopjiered bottle, add iodide of 
putassiiiin, i*(-c., proceeding as directcal p. IIP) (top). 

Tltird Method. 

Prepare a hydrochloric acid solution as in the first method, dilute, 
reduce with xinc in a st.i’eam of c.arl)oni(‘, acid (p. and diitcn'mine the 

protochloride of iron produce<l W'ith a standard solution of permanganate 
ol'itotiish, em[)loying the sjiecial jiroi'css given p. ]P1 ibr solutions of 
protoxide of iron containing hydrochloric acid. 

Fourth Method. 

Fuse the very finely powalcred ore 'vvilh bisulphate of potash, at first at a 
gentle heat, which is to be gradually increased, keep fusing ibr a lonu' time 
hut not till th(^ second e(piivalent of‘ sulphuric acid h.as'cntiiady esca])ed’ 
dissolve in dilute sulphuric acid, boil the solution Avith zinc till iree from 
sosipiioxide, using the apparatus figured p. I.S7, and finally determine the 
]n'otoxidc of iron by means of permanganab*, after p. bSIk There is one 
difiiciilty attached to the jwocess, which consists in the fact that the 
decolonzation of tlu* .solution is no criterion of the completioti of the 
mliictiojL J fence when we believe it to bo finished, we liave to t.ake out 
'•Kirop of the solution ami mix it on a porcelain ])late Avith sul])hocvanido 
potassium. Tdit' laaiction of sul])hocyanid(‘ of potassium on s<‘st(uioxide 
ii’oii is so delicate, that avc need talu; no notice of very Aveak coloratiops. 

2 . (imwiMnTKio Methods. • 

I will here ad(luce >ha'ns's method (see ].. ITO, 1). The iinfaA'onible 
■‘'titcnieiits made in respect of the mctliod ly (‘crt.aiu chemists have been 
whited by J. Loave'^' and lb IvitNlu.f 
c. Coiiuiio/i not hod (as described l>y LiiWE, loc. cit). 

If the ore intended l()r analysis is of a siij)erior kind, take 1 — 1 -.5 grm., 

^ ef an inferior, ' 1 — grm.; reduce to a very fine poAvder, and heat, in 
'*'1 obli(pi(dy ])laced long-uecked flask of about hOO c. c. capacitv, Avith 
Wioiig hydrochloric acid ; Avlieii all sosipiioxide of iron is dissolved, 

* Journ. f. prakt. Cheiu. 72, 28. f Ibid. 72, 30. 
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add, gradually, small ])i<:'oes of fused cld«)rale of j^otassa, nniil tlic i|. i 
smells distinctly of eliloriue, and coiitiiiiic lieating simH i ' 

longer perceptible. Dilute with water until the tlask is liairtiill, mikI d 
insert a sound cork, in wliicli a glass tube, opcai at both ends -,]„*** 
10 inches long, and not too narrow, is titted air-tight; place the ilask in . 
slanting position, and heat for, at least, lb minutes to moden-atc! hoilin r 
to insure the expulsion from the Ilask of every trace of chimin^ '(ud 
atmospheric air. 

Whilst kee}>ing the solution in iiieessant ehnllitiun, 0{)en the cork 'im,! 
suspend in the lUH'kof the flask a. stri[)of pure clean sheet co])p('i', atlarln ,] 
to a platinum wire, inserting the cork .again so as to k((p the Aviiv in 
position ; when the cop]>er stri[) has become snflieieiitly hot to allow ol' ii< 
immersion in the fluid, without d.anger of spirting, o])eii tlic cork ac-.iin ),.f 
down the strip of eo])])er horizontally to the bottom of the Jlask, sm as ti) 
immerse it completely in the fluid; insert the cork now lirnily, place the 
Ilask again in a. slanting })osit.ion, taking care to ke<‘]) the fluid during' this 
inani})ulatioii in moderate ebullition, and contimu; 

this until the iron in the solution is completely reduced, and a])pcars. 
accordingly, (piite colorless, or at least exhibits but a ^n.'ry inconsiiliaahli; 
and indistinct greenish tint. The object of the j)rocess is genciallv 
attained in about *2 hours, but the boiling may be eoiit imK'il for .'! or f 
houi’s without the least detrinnait to tin' ae(airacy of the results. The strip 
of copper must always remain complet(‘ly co\ t‘red by tin; lliiid; it is lor 
this reason that so largi' a <piantity of water is added at lirst, as any 
sul:>se(pient additions wouM of (Hiurs(! be (jiiite impracticable. 

The strip of copper should w'eigh al)out (! grm. ; it should he made of 
eop[)er proei[)itated by galv.anic .act ion, and of the jjropci- bi'cadtli mid 
length to ]).ass readilv through the m'idx of the Ilask and lie al^ the iKittcm 
in a horizontal position. It is scoured clean with .smd-paper, weighed, 
and then attached to the platinum wire. 

When the reduction of the .'^es(pii(dili»ride of iiam is comph'tcd, uncork the 
flask, promittly withdraw from the still boiling lliiid the strip of coppci-, ly 
means ol‘ tJie platinum wire; immer.se in a beakin- filled with disiillcd 
waiter, take; out again, rinse bv me.ansof the washing bolth>, dry coiiiplctcll^ 
betAveen blotting pa])er, taki' off the platinum wire, W(dgh, and reckon for 
each eq. copper dis.solved in the j)rocess, ,as indicated liy the i-l weight 
of the strijt, 1 e(j. iron, d’he copper is l(.>und to ha\’e lest its original 
lustn; in the fwoc'.'.ss, and looks dull, but not blackish, as is generally tlir 
ca.so if ordinary sheet coppe-r is used. 

In ll)ur analv.ses of chemie.ally pure sisipdoxide of iron, -I. lai\'i. 
obtained by this procc.s.s, severally, Tf’7, ‘dlbb, DD’tl, 'd'dd jH.r cent. ul 
se.sqnioxide of iron. 

Kijxio’s process {htc. c/7.) is lU'arly the s;une. Tb- i-ceonmiciids, howcvi r, 
to k('ep the strip of copper, after its removal fiajvi the l/oiling ihiid, t"i 
some tinu! in In/t water, to insure the nniioval of evewy partiede ol the 
solution 'which may have penetrated into the jxires of the metal ; then to 
remove the water hy immersion in ahsolute alcohol, and the latter again 
])y immersiou in (‘ther. He also recommends to wind ])latinuni '"in 
round the strij), ■which, besides aeeeleraf iiig tlie naluelion, will |ii’eventl i‘ 
loss of small p.'irtieles of tin; copper, that might olhtn’wise he caused 
bunqdiig of the metal again.st tlie sides of (lie vessel during the pi'oee.'^> " 
cl)ullition. . . 

'j'he resulfs wduch KtiNlo’s ohfaimal by ibis proecs.s, in a serna " 
experiments, varied between ‘J6’5 and lUO-b per cent. 
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h. Modified Procefis. 

If the ore contains an appreciable proportion of titanic acid, tlio process 
a requires, according to Fuats, certoin modifications, for which 1 refer to 
the origiiiul paper on the subject,* as cases of the kind are of comparatively 
rare occurrence. ^ ^ 

If the ore contains arsenic acid, the process is inapplicable, as a coating 
of blackish scales of arsenide of copper would form on the copjier. The 
arsenic acid may be removed, however, by fusing the pulverized ore with 
carbonate of soda, and extracting the fused mass with water; dissolve the 
residue in hydrochloric acid, and treat the solution as in a. 


13. Analysis of Chromic Iron. 

§241. 

Thi.s mineral is essentially a compound of protoxide of iron and sesqiii- 
oxide of chromium ; occasionally ^^ortion of the latter is found re- 
placed by sekjuioxidc of iron and alMina, and of the former by ma-rnesia 
In addition to these bodies, silicates, and small quantities of limc^nan- 
ganese, titanic acid, &c., are met with. ’ 

The following tnetho<l permits both a simple estimation of the chromium 

and fi determination of all the constituents: 

licdiice the ore to an impalinblo powder. This operation must be per- 
formed with patience and conscientiou.sly, for on it tlie success of the 
analysis depends. The powder is, according to circumstances, dried in the 
air, or at 10()°. 

Treat about O-.-) grm. as directed p. 387, «. Mix the filtrate with 
e™ of suljdmrous acid (to reduce the cl.romic acid to .sescpiio.xido of 
chroiiiiuin), heat cautiously to boiling, add ammonia in slight excess boil 
lor sonic minutes, and wash the separated hydrate of .se.squioxidc of 
cliioinium by repeated boiling and decanting on a filter, till the washin<TS 
arc free from sulpdiuric acid. Aller the precipitate has been dried and 
Ignited It will contain alkaline chromate, in conscipience of the presen(‘e of 
a small quantity of alkali which tlic washing failed to remove. Before 
weighing treat as follows : boil with water, add a few drops of sulphurous 
leii ammonia, filter again, Avash, dry, and finally ignite, 
flic constituents of the hydrochloric acid solution, and also the bodies 
sepirated by evaporation witli nitrate of ammonia, are separated by the 
iiietliods given m the General Fart. ^ 


14. Analysls of Copper Pyrites. 

§ 242. 

it contains, copper, iron, sulphur, and also ganguo. Whether 

1 metals, besides copper and iron, must be ascertained by 
Tialitative analysis. 

1 ho finely pulverized mineral is dried at 10(P. 
iimirH/'-! 1 gnn. in a long-necked flask, placed obliquely, with 

strong hydrochloric acid, digest till 
Irvnes^^ f Gcomj)Ositioii is cflected, and evaporate at a gentle heat nearly to 
nd rernn ^ ^ Jiydrochloric acid added was not enough to decompose 

ve the whole of the nitric acid, add more, and evaporate again as 

f. prakt. Chem. 18, 495 ; see also Konig, Joum. f. prakt. Chem. 72, 38, 

T T 
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directed. Treat with water and filter through a weighed filter 
rtsiducy wliich sometimes conhiins free sulphur, is dried at l()(f . i 
weighed, then heated with access of air till the sulphur (ii‘ pr(>.seuti '■ 
removed and the filter is fully burnt, and weighed again. If tln re is • 
difference between the weights of the dried and the ignited residue put 'it 
down as sulpliur. As a matter of course this can only be done wlicu tl„> 
residue consists of a quartzy gangue, or, in general terms, of a materi il 
which retiiins no water at 100“^. If the residue is not of this iiatiuo tlj 
undissolved suljdmr }) 0 ssibly ju'esentin it must be deterniiiied after p. 

If the ore contiiins an admixture of galena, sulphate of lead may he pj.,,’ 
sent in the residue. In this case digest tlie residue with tartrate (,r 
acetate of ammonia, precipitate the lead from the sf)]utioii Avitli sul 
jdiurctted hydrogen, determine it as sulphi<le (p. 2 Id), and calculnte tlurr- 
from the sk / phiir ^vlnch is to be added to the ju'incipal (juantity of .sulplmr 
and the Jead remaining in the residue. ’ 

Make the hydrochloric acid solution up to 2o0 c, c. 
ft. Dilute 100 c. c., add chloride ^barium and deterndne the siilplmric 
acid produced by the oxidation of the aidphur as directed § I., 1. 

/3. Dilute 100 c. c.,if necessary .add more hydroebloric acid, and precipitate 
at 70*^ with sulplmrctted hydrogen. Allow tlic ])recipitate to settle and ^vash 
it with weak snlphnretted liydrogen water, by tleeantation eoiidiiiud ^vith 
filtration. If it contains only sulphide of co])})er or snlpliide of (‘opper and 
sulphide of arsenic, dry, ignite with addition of sulphur in a stream el' 
hydrogen, and weigh as ,'<idj.'^idjdiidc of copper (]), 22'S, o) ; if it eoiilains, 
on (he contrary, sul[)hide of antimony, spread out the filter on a glass plate, 
rinse off the precipitate into a ]K)rcelain dish, dry the lilter on tlie dass 
plate and replace it in the funmd. Heat tlie precipitate with a moderately 
eoncentrateil solution of monosulphide of ]>olassiimi on a water-hath; after 
half-an-honr’s digesting add a rjither large (piantity of* wnter (otherwise a 
little .siifpliido of copimr remains in solution), collect on tlie lirst filler, 
dry and tr(‘at as directed. If the sulpliide of oo])])er ]»recipitate euntaiiis 
lead or liismuth, after nmioving the antimony (if present) as aliove, and 
before procei'ding to ignite with suljdiur in hydrogen, trent as follows: 
roast it, dissolve the residue in nitric acid or aqua regia, add ammonia till 
neutral, then carbomite of ammonia, w.arm, filter, dissolve the residue in 
dilute nitric acid, repeat the precipitation with carhonate of ammonia, unite' 
tlie two filtrates, acidify and precipitate with snli)huretted hydrogen. 

'^I’he filtrate from the first suljihnretted hyilrogen pri'cipitate is ev:i- 
j)orated with addition of nitric acid, tlie iron is preeijiitated aller p. 77; 
and iiKDojoneM’^ zinc^ ind'td^ Ac., are estimated in the filtrate'. 

h. If tlie ore contains antimony and arsenic in determiiiahle (piaiitmes, 
])ortions of these metals may have vol.-itilized as chlorides on tlie (‘vnponi- 
tion of the aqua regia solution with hydrocliloric acid, thondore oxidize n 
fresh sample of the sulistanee with fuming nitric a.nid, evaporate to dryno^ 
with sulphuric acid, to remove the nitric acid, dissolve the residue with 
hydnjchlQT-ic acid and water, filter, precipitate at 70° with sidplmretto 
hydrogen (p. 251, b), filter, wash tlie j)reei])itate, treat it as above dlieeti'i 
with sulphide of jiotassium, filter and determine in the filtrate the u/xmiJ 
and (/ntimonff after ]>. 420, 108 ? ^'y t>f the other methods gn^n 

§ Dir). The copjier and the other mcftils may be rcdeterniinod iiitua 
analysis by way of control. It is quite possible to dissolve the ore :uh 
to determine the whole of tlie metals in one portion liy this 
method alone ; but then we must take a fresh ])ortion for the su p 
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aeternunJition, which may be executed by one of the processes 
S 148, Ih 

If a determination of the copper alone in copper pyrites or otlier copper 
is all that is recpiired, and really accurate results are desired, I should 
still recommend the process just described. 

Fr. Mohr* gives the following method for the estimation of copper in 


orc>> — 

1. For Oxidized 0?‘es (oxide of copper, suboxide of copper, malachite, 
jiliosphate of copper). Powder the ore lincly ; if rich, take 5 gnu., if poor 1 0 
(rnii. Treat in a porcelain dish of 10 cm. diameter with some sulpliuric acid, 

and nitric acid, cover the disli with a large watch-glass and heat to 
l)olliiig. As soon as the mass is nearly dry and ceases to spirt, remove the 
watcli-glass, and increase the llamc, maintaining an elcvat(;d tem])erature 
till iio more liimes escape, allow to cool, add distilled water, heat to boiling, 
filler into a small ])latinuni dish, wash with hot water, evaporate tlie wash- 
ines and traiisler them also to the^latinum dish, and finally — having 
iiiitde quite sure that the residue insoluble in water gives up no co])pcr to 
acid.s-'precipitato the copper with zinc, after p. 227, 2. The light-red 
culor of the copper is an indication of its jmrity. It will 1)0 seen that we 
have in view in this ])rocess the removal, as far as possible, of the metals 
])rcci|)ital)le by zinc (lead, antimony, and tin). 

2. For Sulphurized Ores^ mixed Metallunfiral Products, Ore- furnace 
Ucijidus. The substance must be j)owdercd witli special care. Proceed as 
ill 1, use 5 gnu. ore, and heat as before with sulpliuric acid, water and a 
larger (jiiaiitity of nitric acid. Allow tin' action to go on in tlie covered 
fKircehiin di.sh at a gentle heat, during wliicli much spirting will take place. A 
(juantity ofsuljihur se])arate.s, which (mllects together and envelo])s .some of 
the pulverized ore. Dry the fluid by applying a stronger lieat, remove the 
watcli-glass, increase the heat till the sui])hur burns and the free acid i.s 
volatilized. AVhen cool, add more nitrite acid and also a very little sul- 
|)l)iii'lc acid ; the appearance of red fumes is an indication of the presence 
ul ore still nndecom]X).sed. Jdva])orate again to dryness as before, allow to 
ojol, moisten again with nitric acid and burn off the sulphur lor the second 
time. In the case of rich ores tliis operation lias to be repeated yet again. 
The extraction of the residue and the coi)per determination are performed 
as ill 1. 

Many voUimctric methods for estimating the cojijwr liave been proposed ; 
a stamhu'd solution of sulphide of sodium best answers the ])nr[)ose of the 
I'lac.tical metallurgist in this connexion. KinxzKi.f recommends the Hil- 
bwiiig cour.se of jiroceeding : — The solution of sulphide of sodium is jire- 
I'liroil l)y .supersaturating a .solution of soda free from c.arbonic acid with 
i^'ill'liviretted hydrogen, and suli.seijuently lieating the liijuid to ex])el tlie 
^‘>a'cs.s of hydrosulphuriq acid. The solution is diluli'd so that 1 e. c. may 
I’l'vvipitntc about O'Ol grin, cojiper. To standardize the solution for 
^■'Tper, dls.solvo 10 gnu. [)ure coj)per in nitric acid, dilute the solution to 
vui‘ litre^ t-ike 20 c, c., corresjiomling to 0‘20 grm. copjier, su|)ersaturate 
aminoiiia, dilute, heat to boiling and add the reagent with constant 
‘‘^tUTing till a drop of the fluid cease.s to color moist freslily })recipitated 
‘''jll'liide of zinc brown. If you reqtiire much le.s.s than 20 c. c. of‘snl[)hido 

^'^diuin, dilute the latter to the projier degree and re])cat the experi- 


* Zeitschrift f. analyt. Chein. 1, 113. 
t Journ. f. pr.akt. Chum. 83, 18(1 ; Zuitsclnift f. aualyt. Chum. 2, 373. 
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ment. Tho siilpliitle of zinc ia prepared aa followa: — Dissolve ordii ■ 
zinc in hydrochloric acid, add exceaa of aininoiiia and a little 
sodium, and heat to boiling; by this means the lead which is containl,] ■ 
commercial zinc will be completely preci[)itatcd ; filter and mix witir' 
deficiency of sulphide of sodium. When required for use, this e- ! 
mixture of sulphide of zinc and excess of zinc solution is spread o)f^ 
layer of several filter papers. ' 

To perform the actual analysis, dissolve the finely powdered ore ‘ 
hydrochloric acid with addition of nitric acid, evaporate to dryness, 
between 12() and 150° to separate the silica, take up the residue with livdn 
chloric acid and water, precipitate the iron with acetate of soda, add plent > 
of ammonia to the iron-free solution, heat to boiling, and lastly add sulphidl 
of sodium as above directed. From Kunzel’s exjieriments it apjiears tlmt 
in the hands of a careful operator the error never exceeds J per cent 
The final reaction here employed depends on the fact that when am- 
moniacal solution of copper is brought into contact with hydrated .siilpliid,. 
of zinc, sulphide of copper is formediifvhile the zinc dissolves. 


15. Analysis of Kupfernickelstein. 

§ 243. 

This material is obtained as an intermediate product in the propanitlon 
of copper-nickel or nickel from nickelifiirous copper pyrites. It consists 
principally of .sulphide of copper, sulphide of iron, and sulphide ol'niidc l, 
but it generally also contains arsenic, antimony, col)alt, and oee;isii)ii:illv' 
lead. This and also the further intermediate products have lately hoeoim.* 
subjects of (piantitative analysis. 

The analysis is performed on a finely-powdered average sample' ly 
exactly the same process which I have just given for copper ])yrites. 

After you have separated from the hydrochloric acid solution (a, /l)lIio 
copper and the other metals precij)itated by hydro.sul])huric acid, ro’ 
oxidized the filtrate by boiling with nitric acid, and precdpitatcd llic imii 
alter p. 3(S2, 77^ *ibx the filtrate from the ])reci])itate of basic iron salt with 
ammonia in excess. If a small quantity of se.squioxide of iron hcres(‘p;ir;if' >. 
collect it on a filter, wash twice, (li.s.solve in hydrochloric acid, and icpr( i'l|h 
tate with ammonia. Mix theammoniacal iron-free solution wdth siilj'liiilcof 
ammonium in excess, add acetic acid till the reaction is distinctly acid, alh‘'\' 
to settle, filter off the sulphide of nickel, wa.sh it wdth water containing 
sulphuretted hydrogen, dry and roast it. Dissolve the residue thusolitaimJ 
in a(pia regia, evaj)orate the free acid almost entirely, precipitate; tin; dilute 
solutiem boiling with pure solution of potash, wa.sh the prccipitiite tliorongldy 
by boiling and decanting through a filter, ignite, incinerate the filter, rcdiico 
in h^'drogen (p. 175), and weigh. Di.ssolve in rutric acid, filler ofl any 
silicic acid that may remain liehind, weigh it and deduct it from tlie ninb'l. 
If cobalt i.s jiresent, it is determined after p. 389, 97? snbtnicleid Imni 
the nickel. If, on the contrary, as in the ease of the analysis of eobidt nro. 
we have to sejearate small quantities of nickel from mneh cohalt, I pnlnr 
to separate the nickel after p. 390, 100 ? hy oxide ofrnerenry from the . solu- 
tion containing the cobalt as cobalticyanide of potassium and the nickclp''' 
double cyanide of nickel and potassium. If the process be repeated wit i 
the precipitated metal, you will be sure of obtaining the nickel quite p'tt*^) 
which otherwise is not always the case. 
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Copper and nickel may be determined volumetrically in preparations 
containing them by Kunzel’s* proces.s, jirovided approxinuite results oidy 
;ire recpiired. Tlie mode of estimating copper by this method has already 
l)( 3 en given (pp. G4d-4). Of course, if the value of the sulj)hide of sodium is 
known for copper, it may be calculated for Jiickel. It is well, however, by 
way of control, to standardize the reagent directly with nickel solution, 
fur this purpose dissolve a known quantity of nickel in nitric acid, add 
ammonia in excess, dilute and run in solution of suljdiide of sodium till a 
drop of the Iluid reddens solution of nitroprinsside of sodium or colors 
an aininonical solution of silver slightly brown. In order to produce these 
reactions, dip the end ol'a strip ol'lilter paper in the iluid; the sul])hide of 
nickel remains at the edge, while the fluid is sucked up and can now be 
lusted by touching with a rod that has been dipped in solution of silver or 
iiitroprusside of sodium. In the examination of kupfernickelsteins, &c., eni- 
jiloy the method described pj). (543-4 ibr the solution, the separation of the 
blica and iron, and the estimation of the copper, and finally when the end-re- 
action lor copper has made its appearance, and the sulphide of sodium used 
lias been read olf, add more of the reagent for the nickel determination. Tlic 
liirtlier quantity of the solution em])loyed is proportional to the amount 
ui nickel present. Kunzel fixes tlie limit of error for nickel at | per cent. 


IG. Analysis of Ikon Pyiutes. 

§ 244 . 

This mineral often contains, besides iron and sulphur, arsenic, zinc, 
coiiper, cobalt, manganese, and other metals, also a residue insoluble in 
ai|iui regia. In many specimens minute traces of gold and thallium have 
liccn found. 

A. Complete Analysis. 

Dry tlie finely triturated mineral at 100°. 
a. Defenninatio>i of the Sulphur and Arsenic and examination for 
Antimonij and Gold. 

Mix ;d )()ut 1 grm, most intimately with 4 parts of pure carbonate of potash, 
•'ii'l 4 parts of ])ure nitrate of potash, lieatin a j)orcelain crucible cautiously 

lii.sloii, jil.ice the crucible with its contents in a beaker, add water, heat 
liir a long t ime, linally to boiling, filter into a i-litre fla.sk, wash the residue 
thuronfilii with boiling water, allow the fluid to cool, fill up to the mark, 
Jind mix by .shaking. Determine the sulphuric acid in 200 c. c. after 
§ b‘12, 1., 1^ and reckon therefrom the sulphur, hlvaporate tlie remaining 
'IhO c. c. with pure sul|)huric acid on a water-liath, till tlie whole ol the 
nitric acid is (expelled, take up the residue with water eontaining hydro- 
dilorii; .acid, and p.nss s-jljdiuretted hydrogen for a long time into the fluid, 
'"'iiirh is to be maintained .at 70^’ all the while. If a prccii»itate ibrnis, 
^'nllcct it on .a weiglu'd filter, dry, exhaust with jiure bisulphide^ ol earbon, 
'vciigh the tersulphidc of arsenic, which may afterwards be tested for 
'Uitinuiuy. 

file residue remaining on the treatment of the fused mass with w.ater, 
'■Oiisists principally of si'scpuoxide of iron. Dry it, ignite in a stream of 
kydrogen, and treat the metallic iron with pure dilute nitric acid. Should 
^ tesidue remain, ivash it, di.ssolve in aqua regia and test the solution for 

* Joum, f. prakt. Chem. 88, 486 ; Zeitachrift f. aualyt. Chein. 2, 373. 
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gold. If tlie result is equivocal, repeat the experiment witli a l iirrf.,. 
quantity of the mineral. The fusion may then bo performed in a t 
crucible. 

h. Detenmnation of the Iron., Copper, Zinc, 4‘C., and of the, RcRidur 
insoluble in acids. 

Digest 2 to 3 grin, of the very finely-powdered mineral with aqua roirJ i 
to complete decomposition, evaporate repeatedly with hydrochloi-ic acid (to 
remove the nitric acid), add water, filter, wash the insoluble residue^ dry 
ignite, and -weigh it. Treat the hydrochloric acid solution witli «sii|.' 
phurotted liydrogcn at 70°. If no otlier metal is present besides cojijirr 
(and arsenic), determine the copper as subsulphide (§ 111), 3, af 
the filtrate from tlie sulphuretted hydrogen precipitate by luiatiiv with 
nitric acid, and separate the iron as* directed j). 3(S2, 77> !>}' ucaiiv 
ueutralij^ing with carbonate of ammonia and boiling. Mix the fdtrale witii 
ammonia. Should a small precipilate of hydrated oxide of iron foi-ni, (iliei- 
it off, dissolve it in hydrochloric acid, reprecipitate with aniinouia, and 
finally precipitate zinc, manganese, cobalt, 6cc., from the ii-on-froo tiltratc 
by sulphide of ammonium, p. 374, 59 - Evaporate the filtrate to dryness, 
ignite and determine lime and magnesia, if present, in the residue, if such 
remain. 

Dissolve the precipitate, or, as the case may be, the mixed precipitates, 
containing the iron, in hydrochloric acid, make the solution up to aOO 
c. c. and determine the iron in 50 c. c. l>y jirecipitation with aniruonia 
as sesquioxidc (p. 103, 1), or volumotrically by protochlorido of tin 

(p. 197). 

c. Examination for Thallium. 

Thallium may offon be discovered in pyu-ites lyv simjily holding some of 
the powdered ore on the moi.stened end of a platinum wire in tin; llaiiic ot 
the spectroscope : the characteristic, intensely green thallium lino coin- 
cident with Ba c momentarily flaslHos forth. 

If finely-powdered thalliferous pyrites be igiiiti'd in a tube as far as 
possible with cxclu.sion of air, sulphide of thallium sulilimes with the sul- 
phur, and by allowing this almost to burn away in the loop ol‘tho platiimiii 
wire, and then testing the residue in the s})ectroscoj)(!, the gi‘0Cii liiu! will 
appear very di.stinctly. 

Thallium may also, according to Crookks and lliiTTOER, bo (h'toctod with 
groat delicacy in the wet way. Dissolve the powdered ore in liydrocliloric 
acid, with addition of the least possible nitric acid, boil with sidphitc 
of soda, till the sesquioxide of iron is reduced, and add one or two drcpcl 
iodide of potassium. In the presence of thallium a light yellow prcciintiifc 
of iodide of thallium i.s formed. I should advi.se its being tested in the 
8pectroscoi)e to make sure. • 

, B. E.STIMATION OF SULPIIUR ONLY. 

An exact determination of the sulphur in pyrites may be made as 
indicated in A, and also in § 148, II. ; but occasionally an approxomd 
estimation will suffice. In such case the following expeditious inetliod '} 
Pelouze* may be employed : — . 

MLx 1 grm. of the very finely -powdered ore with about 5 grm- ) 

* Coinpt. rend. 63, 685 ; Zoitschrift f. anal. Chem. 1, 249. 
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^veif^hed) perfectly pure and anhydrous carbonate of soda,* add 7 grrn. 
/jipproxiniately weighed) chlorate of y)otash, and 5 grin.t (approximately 
■^vfiigbccl) fused, or at least anhydrous cliloride of sodium, mix well, and 
heat the mixture for eight or ten minutes gi*adually to low redness in a 
^vrought iron spoon. When cool treat 5 or G times with hot water. 
Transfer the solution by means of a pipette to a filter. Finally, boil the 
residue Avith water and Avash it on the filter with boiling Avater thoroughly. 
The filtrate and washings are now tested for their alkalinity after § 219 or 

§ 

The acid required for the quantity of carbonate of soda emj)loyed inhvis 
the acid actually used in the analytical ex{)criment, represents the quantity 
of .sul]diur in the mineral. lOOO c. c. of the stondard acid, prepared 
•iccording to § 219, correspond to .‘50- 19 grm. sulphur, lOOO c. c. normal 
acid (prej)arcd according to § 21.''), ua), correspond to 16 grm. sulphur. 

To bo quite safe, finally test a portion of the residue which Avas left on 
tmiting the fused mass Avith Avater, by treatment Avith hydrochloric acid, 
for sulphur. 

The ])rocess takes .‘30 or 40 minutes and yields results differing — accord- 
ing to Pklouze — not more than I to 1'.5 per cent, from the truth. 

In apj)lyiMg the method to I'oasted |)yrites, the addition of salt is not 
made. Take 5 grm. of the roasted ore, 5 grrn. pure anhydrous carbonate 
of soda, and 5 grm. chlorate of potiish. 

17. Analysis of Galena. 

§ 245. 

This is the most Avidely spread of the lead ores. It frequently contains 
larger or smaller quantities of iron, copper, and silver, occasionally traces 
ol gold, and commonly ahso more or le.ss ganguc, in.soluble in acids, 
kcduce the ore to a fine powder, and dry at 100°. ’ 

Oxidize a Aveighed (piantity(l — 2 grm.) Avith highly concentrated red 
fuming nitric acid, free from chlorine and sulphuric acid (see p. 669 ), 
I'or this {)ur])ose use a ca])acious flask, covered during the 0))CTation Avith 
a \vatch-gla.ss; do not [)ut the tul)e in which the pOAvder Avas Aveighed into 
the flask. If the acid is suflicicntly .strong, the sulphur Avill be fully 
oxidized. After you have warnicd gently for a long time, add 6 or 4 c. c. 
pure concentrated sul[)huric acid, which you have ])reviously diluted Avith 
I little water, and heat on an iron plate, till all the nitric acid is eva[)orated. 
llilute Avith Avater, filter, wash the residue with water contiiining suljahuric 
ioid, and displace the latter with alcohol. Collect the alcoholic Avashings 
separately. 

«. Dry the residue^ ignite, and weigh (§ 116,6). It consists of sul- , 
mate of lead, ganguo undecom])oscd by the acid, silicic acid, i^c. Heat 
Avhole, or a fractional part, with hydrochloric acid to boiling; let the 
Insoluble matter sul)sido, and then decant the supernatant clear liquid on 
a filter; pour a fresh portion of hydrochloric acid on the residue, 
'On again, allow to subside, and decant, and repeat this operation until the 
^ pliato of lead is completely dissolved ; finally place the residue on the 

a: i** uot at hand, the experiment can be performed with carbonate of soda 

iiijm quite pure ; in this case you must determine by a special experiment how 
acid corresponds to 5 grm. 

tL V common suit may be varied for different .specimens of the mineral ; 

be increased till the oxidation takes place without deflagration. 
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filter, and wash with boiling water until every trace of chloride of lead ijj 
removed ; dry, ignite, and weigh the residue. Subtract the weight 
from that of the original residue : the difference expresses the quantity of 
sul])hate of lead which the latter contained. Instead of using liydicx^hloric 
acid, the sulphate of lead may also be dissolved by heating with an aqueous 
solution of tartrate or acetiite of ammonia and caustic ammonia ; or it inay 
be first converted into carbonate of lead, by digestion with solution of 
carbonate of soda, washed and dissolved in dilute nitric acid. 

b. The sulphuric add solution is free from any weighable trace of lead 
if the process has been properly conducted. It contains the metals j)re- 
sent in the ore in addition to load. First add some hydrochloric acid 
to precipitate the silcer, if jwesent. If a turbidity or precipitate is formed 
keep the fluid for some time in a warm })lace, till the chlorid(^ of silver 
has subsided. The latter is filtered off and may be determined after 
§ 115, 1. In the case of very small quantities, I prefer to incinerate tlu; 
filter with the jirecipitate in a porcelain crucible, to ignite the residue for 
a short time in hydrogen, to dissolve the trace of metallic silver in nitric 
acid, to evaporate the solution in the crucible to dryness, to take np the 
residue with water, and to estimate the silver in the solution by Pisani’s 
method (p, 210). 

Proeipitatc the fluid filtered from the chloride of silver with sulphuretted 
hydrogen. Tlie precipitate generally contains a little sulphide of copper^ 
occasionally also other sulphides. Separate thc.se, as well as tlic imlaLs in 
the filtrate, which are precipitable by sulphide of aminonium {iron, mic, 
according to the methods of Section V. 

For tlic estiinatioii of the sulphur, bake a fresh portion of the pulverized 
ore and treat it as directed p. *1136, 1, a. Do not omit — as tlioro pointed 
out — to treat the solution of the fused mass with carbonic acid before 
filtering. If you prefer a wet method, 1 can recommend that given 
p. 340, Afb* 

I)tTEll.MINATION OF THE SiLVEU IN GaLENA AND EXAMINATION FOIl GOLD. 

§24G. 

The foregoing method does not enable the assaycr to didcrininc very 
small quantities of silver* and the trifling traces of gold whicli, according 
to Pkucv and Smith, f are often found in galena. To eflect this, it is, in 
the first place, necessary to produce a button containing tin; wdiole or part 
of the lead of the galena, and the whole of tlic silver and gold, and then 
to separate the latter metals in the wet or dry way.J 

* Argentiferous galenas generally contain only between 0’03 to 0'18, rarely alwe 
• silver: and a great many contain far less than O’Oyj. 

t Phil. Mag. VII. 12G. . 

t Ch. M'ene (Conipt. rend. 45, 484 ; l*olyt. Centralbl. ^858, 78) has ‘l«tcrimm’a 
the silver in various galenas by the following process : — He heated ‘JO | 

mixture of 1 part of nitric acid and 4 parts of water, filtered off the Hiih>hur, pHje 
pitated the filtrate with an excess of ammoniiv, filtered off the jmecipitate P 
washed with ammoniated water, mixed the filtrate with an excess of ‘ 

acid, and a little nitric acid, and weighed the precipitated chloride of silvei. ''A 

no confidence in this method, as chloride of silver is not insoluble in solution 
ride of ammonium, which is formed in large quantity in this process. In ‘''J® ^ 
of sufficient ex|)eriraental evidence on the subject, 1 am unable to state w )t ' ' . 

process of Pk Millon and A. Comrnaille (p. 414, 13) is suitable for the comp e e y 
pitation of very small quantities of silver from the ammoniacal solution picp*^ 
the manner directed. 
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Production of the Button. 


1 . Methods svitable for j)oor Argentiferous Galenas. 

a. Mix 20 grm. of the finely pulverized galena with 00 grm. anhydrous 
carbonate of soda and 0 grrn. nitrate of potassa, transfer the mixture to a 
Hessian crucible, cover it with a layer, 8 mm. deep, of decrepitated chlo- 
I'iJe of sodium, and fuse, finally at a bright red heat, so as to produce a 
fusible slag. Let the crucible cool slowly, then break it to pieces, flatten 
the button, which must be clean and compact, on the anvil, and free it 
lioin all adherent imj)urities by boiling with water. By this ])roces 3 
75—78 per cent, of lead are 'obtained from pure galena, instead of the 
,s(i‘() per cent., which it actually conUiins; but every particle of the silver 
is Ibund in the button (BERTHiEfi; Presenjus). To understand the pro- 
cess, it must be borne in mind that the fusion of galena with carbonate of 
soda, out of contact of air, ])roduces metallic lead and a slag consisting of 
sulphide of lead and sodium and sulphate of soda. 


4 (Na 0, C OJ + 7 Pb S == 4 Pb + a (Pb S, Na 8) 4 Na O, S 4- 4 C O,. 

Tlie nitrate of potassa serves to decompose the sulpho-salt, separate the 
l(?ad, and oxidize the sodium and the sulphur. 

b. Mik 20 grm. of pulverized galena with 30 grm. of black flux (pre- 
pared by deflagrating 1 i)art of nitrate of potassii with 2^ parts of biUxr- 
liatc of potassii) and 0 — (J grm. of very small iron nails, and fuse the 
mixture in a Hessian crucible, at a bright red heat. The ore is decomposed, 
the sulphur cond)ining partly with the iron, j)artly with the alkali, and the 
hiad sej)arates in a state of fusion. Let the crucible cool, then break it to 
jm ees, and ])rocoed as in a. Take care that the lead encloses no nails. 
Beuthier obtained by this process 72 — 70 per cent, of lead. 



Pig. 172. 


2 . Method more particularly suitable for rich Argentiferous Galenas,* 

The process recpiires saucers of baked fire-clay (see 
fig. 172), and a properly constructed a.ssay furnace, with 
good draught. f 

iMix 4 grm. of the finely pulverized ore with IG 
gum. lead free from silver (whicii may be prepared 
lu tlie laboratory, ino.st conveniently by precipitating 
«)liuion of acetate of IcJid with zinc), in a siiucer, and cover the mix- 
bire uniformly with IG grm. more of the lead. According to the nature 
ul the imjmrities contained in the ore, certain fluxes are also added viz. 
horax, (juartz, or gla.ss. Borax is addetl in the ca.se of ores conUiinin‘r 
iiuu'h lime, magnesia, zinc, Ac. ; the tpiautity varies with the amount 
‘4^ tlie extraneous lupses in the ore, and may occasionally rise to 
*• ’’ giuii. If the ore contains (piartz or silicates, no borax is added 
or only a little, not more than 0*5 grm. If the ore contains little or no 
siucic acid, in combimition or in the free sUite, a very small’ fiuantity of 
glass or (piartz is added. 


how 


gnu. lead may be considered the normal quantity for 4 rrrm. ore* 

Tor. f,. i.i ... i i . ’ 


over, for ores contJiining a considerable amount of blende or j)yritcs, 


C omp. Bodeniann and Kerl'a Anleitiing zur rrobirkunst, Clausthal 1856 287 

Au excellent work. y 

t Por a detailed description of such a furnace, see the above work. 
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48 or G 1 grm. lead are used, and in the presence of compounds of con 
or tin even more. ' * ^ 

The siiiiccrs, properly charged, are introduced into the niufllc (sec fiir 
176), previously heated to bright redness, and the mouth of tlic latter ° 
closed with live coals, to accelerate the fusion of the lead. The load ruses 
wliilst the lighter ore Goats on the surface ; the fumes evolved dmin r 
this process of roasting differ in color according to the natiir (3 of the 
escaping products; sulphur forms light grey, zinc dense white, arsoniV 
greyish-wliite, antimony bluish fumes. 

After If) or 20 minutes a fluid slag forms, which completely surrounds 
the fused metal at the edges, dense fumes of lead rising at the samo time 
from the surhice of the latter. With refractory samples, it takes ocea- 
sionally as long as 35 minutes before this point is attained, and the fused 
metal presents a smooth surfiice. 

The coals arc iioav removed from the mouth of the muflle and tlie, 
damper of the furnace closed. The lead coming in contact with the air 
begins to oxidize at once; tliis oxidation is alhuved to procecid until the 
scoricC entirely or nearly cover the metal ; when this jH)int is attained, th (3 
heat is once more raised, for about 5 minutes, to a higli degree of intensify, 
to increase the Guidity of the slag. Qdie process of scorification gmmrallv 
occupies half an hour, but never more than an hour. 

The saucers are now taken out of tlie nuifflo 
with tonga about 3 feet long, of the form .shown 
in fig. 173, and the metal and slag ])()ured into 
suiluble moulds. These mouhhs may consist of 
hemisjdierical cavities of 3 — 6 cm. diamotor inado 
on an iron or copper })late. The })latc .slionld 
be warmed and the cavities riibl)od over with 
reddle or chalk. 

The alloy obtained must form a single button, 
separating readily from the slag. Tln3 hut ton is 
hammered out so that it may b(i readily laid hold 
of with the tongs shown in fig. 171, and {ilac ’i! 
on the cup<d, without projecting over the edge; 
these tongs are also al)out 3 feet long. 

In the })r()ccss hero described the oia^ is roasted 
at first, and litharge produced, which tlien de- 
compo.ses the metallic sul])hides, with Ibrniation 
of sulphurous acid and separation of the metals; 
the oxide of lead foriiuid also dhssolvcs tlu; earths 

Fig. 173. Fig. 174. and other oxides and removes them as slags. 

Determination of the Silver in the Argi:ntiferou.s Lead liurroN. 

This may bo effected cither in the w’et or in the dry way. In elunnical 
laboratories/ the want of proper a.s.say furnaces generally compels the 
selection of the former ; whereas in metallurgical laboratories the dry ^vay 
is invariably employed. 

1. Methods in the Wet Way. 

a. DiH.solve the clean button in moderately dilute nitric acid free from 
chlorine, dilute the solution largely, and add some very dilute hydrochloric 
acid or solution of chloride of lead. Put the turbid Guid in a warm pk'icc, 
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until tliG chloride of silver has subsided, then fdter, wash thoroughly with 
boiling water, and determine the silver finally as directed § 115, 1— the 
results are siitisfactory (Expt. No. 101). Very small quantities of chloride 
of silver may also bo treated after the method given § 245, h. 

h. Dissolve the button in nitric acid, and treat the solution by Pisani’s 
nietliod (p. 210), taking care to employ for the preci])itatioii of the lead 
sulphuric acid or sulphate of potassji or soda perfectly free from chlorine. ' 

2. Method hy the Dry Way (Cupellation*). 

This operation requires small cups of conqircssed bone-asTi, called cupels 
(see fig. 175). Though 1 part by weight of the porous mass 

il« 


Fig. 175. 




Fig. 17t>. 


of the cupel can absorb the oxide of 2 parts by weight of 
lead, yet it is always considered the safer way to calctilato 
, only upon the absorption of the oxide of 1 part of lead ; the 
weight of the button should, therefore, not greatly exceed 
that of the cupel. 

When the muffle (sec fig. 176) is sufficiently heated to show half of the 
bottom in a state of white heat, the cupeds are in- 
troduced empty, and gradually pushed back until 
they arc in a state of bright redness ; for it is 
necessary fur the success of the process that the 
alloy of lead and silver should fuse (pnckly, as 
otherwise small particles of lead are apt to stick to 
the upper edge of the cupel. If the furnace is 
heated to the proper degree, the sejiaration of the 
silver from the lead will .speedily begin; if not, 
pioce.s of red-hot charcoal are placed in the mouth of the muffle, to acce- 
lerate the proces.s. As soon as the surface of the lead is in motion, the 
flaitiper of the furnace is closed, and only a single piece of charcoal is 
left in the mouth of the muffle. The great jioint now is t(/ elfect the 
('oinplete .separation of the silver from the lea<l at the lowest possible 
degree of heat, t'or if‘ the tcunperature is raised too high, ])articles of the 
silver will lie absorbed by the cupel along with the litharge. On the 
other hand, it the temperature is not sufficiently high, the as.say becomes 
chilled, and even though the temperature of the furnace .should afterwards 
bo raised .sufflcicmtly high to make the reirigerated assay resume its ordi- 
iiiuy train, the results of the process arc no longer relialile. 

ll the process is properly conducted, the lead fumes rising from the 
cupels slowly a.scend to the middle of the muffle, the cupels are at a 
roddish-brown heat, and rings of imperfect small cry.stals of oxide of lead 
are lorined at the edges of the cupels. If the lead fumes disiippcar im- 
roediately above the cupels, whilst the latter are at a bright red lieat, and ^ 
jio erystals are formed at the edges, the heat is too strong. If, on the other 
land, the fumes ascend to the vault of the muffle, and the edges of tlie 
look dark brown, the temperature is too low, and there is danger of 
iGlfigcration of the assay. , 

towards the end ot' the operation tlio temperature must be raised, 
the bead becomes more refractory as the proportion of silver in it 
increases, and the last particles of lead require a higher temperature for 
beir oxidation and absorption by the cupel. Care must be taken, how- 
not to raise the heat prematurely or suddenly, and never to a degree 

fhe description of this interesting and important operation is taken from Bode* 
and Kerl's precited work. 
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of intensity su/Ticlent to remelt the crystals. When the process is drawing 
to a close, there remains only a very thin film of litharge on tlie silver 
which im})arts an iridescent appearance to the surface; this also suddenly 
disappears at last, leaving the silver perfectly bright. The phcnonieiiun of 
the toUil disiippearance of the last colored particles of the oxide of lead is 
ciillcd the IvjhtniiHf. The silver bead is now allowed to cool very sl(nv]y 
to i)revont the sinttruff of the metal, which the impetuous escai)c oi’ the 
oxygen gas absorbed by the silver in a stjite of fusion would otherwise 
occasion. 

The bead must readily separate from the cupel, from which it is removed 
by means of pincers; its form must be hemis[)herical or round ; the ii[)]ier 
surliice silvery white and brilliant; the lower surlace, aller brushing, elean 
and silvery white, though not lustrous. Beads with j)rojecting ridges or 
knobs on the lower surface, arising from fissures or dejiressions in the 
cupel, must be rejected, as the j)rojecting parts always contain lead. I’lie 
properly cleaned beads are weiglied. 11 the lead added was not absolutely 
free from silver, this must be determined, and tlie results ol tlie assay cor- 
rcete<l accordingly. 

The weiglied silver bead may be tested for gold, and the latter, if pos- 
sible, determined as directed p. 41(S, 104. 

Silver assays by cupcllation are invarialily attended Avitli a small loss of 
tlu! precious metid. Buhbidoe JIambly’s experiments^ have shown thnt 
this loss increases with the jiroportion ol the lead to the silver. In an 
a.ssiiy made with 1 part of silver to 1 of lead, the loss of silver was ;3'5 
in 1000 jiarts of silver ; in an as.siiy ma<le witli I ])art ol silver to 13 parts 
of lead, 10-2; with 1 part of silver to 05 parts of lead, Ib'b. 

18. Analysis of Zinc Cues. 

§ 217. 

A. Calamine and Smithsonite. 

The former of tlicse ores consists of carbonate of zinc, wliicli commonly 
contain.s larger or smaller admixtures ol ]>rotoxide of iron, protoxide of 
manganese, oxide of lead, oxide of cadmium, lime, magnesia, and silicic 
acid : tlie latter comsists of silicate of zinc, which may contain adinixUires 
of .silicates ol' lead, hinoxidc of tin, protoxide of manganese, sescjuioxide oi 
iron, &c. 

The ore is reduced to a fine powder, and dried at lOO'b 

a. A portion of the powder is treated as directed p. bOd — 

SidcLC acid is separated in the usual way. As the silicic acid geiiei.i y 
• contains sand or undecomposed nangue, it must be separated therelvoiu y 
boiling "with a solution of carlionate of soda (§ 235, 0). In treating t lO 
residue with hydrochloric acid and water, 10 pmrfs ol acid aie iisti to 
about 25 jiarts of water (j). 402). , 

b. The .solution obtained by this proce.ss is jireeipitated with 

retted hydrogen, and the metals of the fifth and sixth y/ynz/ix, whit i I'la) 
lie thrown down, are separated by the proper methods described j 

V. In very accurate analy.ses, tlie jireeipitate produced by 
hydrogen must be rcdissolvcd, and rejirecipitated with 
hydrogmn, to insure tlic complete removal of every trace ol zinc imm 
precipitate (ri. 402). 

* Chem. Gaz, 1856, 185. 
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c . The filtrate ia neutralized with ammonia and tlien precipitated with 
sulphide of ammonium ; the i)reeipitote is treated exactly as directed § 108, 

the oxide of zinc obtained, which contains scsqiiioxide of iron and 
ges(piioxide of manfrancse, is weighed, and tlie iiunigatiese determined volu- 
metrically in a weighed portion of it, p. 894, 109, the srs(iuwx{de of iron 
being then ultimately determined, in the solution obtained in the* latter 
process, with protochloride of tin, p. 197. The oxide of zinc is estimated 
by diiference. Of course one might employ some other of the methods 
given § Ifitl Ihr the estimation of the zinc, manganese and iron of the 
sulphide of ammonium jjrecipitate, but in none are accuracy and expedi- 
tion so favorably combined. 

d. The fliiid filtered from the sulphide of zinc is acidified with hydro- 
chloric acid, boiled for some time, the separated sulphur is filtered olf, and 
the lime and magnesia arc determined as directed p. 8(17, 32. 

e. A separate sample is ignited in the bulb-tube of the apparatus 
described p. .58. The loss of weight of the bulb-tube indicates the wat(fr 
+ carbonic acid; the increase of weight of the chloride of calcium tube 
gives the water alone ; the difference shows the carbonic acid. In cases 
4 vhore the pres(jnce of a considerable propoj’tion of protoxide of iron would 
impair the a(;curacy ol this indirect estimation of the carbonic acid, one of 
the methods described § 189, 11., d or c, is employed. 

B. Blende, 

This ore consists of sulphide of zinc, commonly mixed with other 
sul])hides, more es[)ecially those of lead, cadmium, copper, iron, and 
manganese. Besides these, regard must be had in the analysis to the 
gangue. 

The ore is reduced to a very fine powder, which is dried at 100®. 

a. Determine in one portion the su/pfrur, after p. 380, a, or p. 810, A, b. 
If the former method is employed it must not be forgotten fliat blende 
lusually contains lead. 

h. The estimation of the metals is best made in a separate portion. For 
this [nirpose hcfit 2 to 8 grin, with fuming hydrochloric acid, till no more 
sulphuretted liydrogeii escaj)es, add some nitric acid and 5 or 6 c. c. pure 
concentrated suljfiiuric acid, previously diluted with a little water, and 
evaporate till the hydrochloric and nitric acids are expelled. Dilute, and 
filter. If the residue contains sulphate of lead — and this is usually the 
case — wash it with Avater containing sulphuric acid, and then Avith spirit; 
collect the spirituous Avashings sej>arately. Having Avashed the residue, 
ignite, and Aveigh it. If it contains sulphate of lead, determine the 
amount of the latter by one of the methods given § 21.5, a. In exact 
analyses the lead must be directly determined in the solution obtained in • 
one or the other Avay. 

Mix the sul]: 

C. c. to cv 
ftfler A, b. 

Volumetric Determination of Zinc. 

§ 248. 

Several methods liave been proposed for the volumetric determination 
ot zinc. The most suibiblo method for technical purposes* seems to bo 

* It is very extensively employed in zinc works. 


)huric solution Avith hydrochloric acid of Dl sp. gr., adding 
cry 100 c. c. of the solution (p. 402), and tlien proceed 



654 


SPECIAL PART. 


[§ 248 . 

that based on the precipitation of an ammoniacal solution with standard 
sulphide of sodium. This method was originally proposed by Scjiaffner; 
it has been the subject of a variety of modifications. After this inctlmd’ 
with its modifications, have been detailed, I shall proceed to desci-ihe the 
method of II. Schwarz, and then that of Carl Mohr. Q he two first 
metliods require the zinc in ammoniacal solution, while for the last inctliod 
an acetic acid solution is employed. 


1. Method f/ ScHAFFNER,* modified hj C. KuNZF.L,f as employed in 
JJe/fian zinc-tvorh ; described hj C. Groll.| 

a. Solution of the ore and preparation of the ammoniacal solution. 
Powder and dry the ore. 

Take 0-5 grm. in the case of rich ores, 1 grm. in the case of poor ores, 
transler to a small flask, dissolve in hydrochloric acid with addition o[ 
some nitric acid by the aid of heat, expel the excess of acid by evapora- 
tion, add some water, and then excess of ammonia. Filter into a hiaikor, 
and wash the residue with lukewarm water and ammonia, till sul])liido ot 
ammonium ceases to jirodiiee a white turbidity in the washi nits. Iho 
oxide of zinc remaining iu the hydrated sesquioxi<le of iron is disiagardiMl. 
Its quantity, according to Groll, does not e.xcecd O’d -(bh ])er cent. Ibis 
statement probably has reference only to ores cmitaining relatively little 
iron ; where much iron is present the (piantity of zinc hdl behind in the 
preei()itate may be not inconsiderable. The error thus arisinjr may lio 
greatly diminished by dissolving the slightly washed iron ])rcci].italc in 
hydrochloric acid and adding excess of ammonia. But the surer mode 
of proceeding is to add to the original solution — after eva]K)ratiiig oil tbe 
greater part of the free acid as above, and allowing to cool— dilute carbo- 
nate of soda nearly to neutralization, then to ])re(tipitate the sesiiuioxidc ol 
iron, Jifter ]). 105, <1, with acetate of sod;i, boiling, to filt(‘r, and wash. Tlu; 
washings, after beitig concetitrated by evaporation, are added to theiiltraie 
and the whole is then mixed with ammonia, till the first-formed jirccipitate 

is redissolved, ^ i -n n* 

If the ore contains manganese— provided approximate results will sullicc 
— digest the solution of the ore in acids, after the addition of e.vccss ol 
ammonia and water, at a gentle heat for [i long time, juid then filtf'r oil, wt i 
the iron precipitate, tlie hydrated protoscscpiioxide of manganese wbirh 
lias separated from the action of the air. The safer course — th()iiyh un- 
doubtedly less simple — is, after separating the iron with acetate ol soda, to 
precipitate the manganese by passing chlorine, as directed p. d7(.», 64? 
by adding bromine and heating. 

If lead is present, it is se})arated by evaporating the aipia regia so iitmu 
"with sul[)huric acid, taking up the residue with water and lilteiing, t 'Cii 
proceed as dirccted.|| 

b. Preparation and standardizing of the snJpJnde of sodium solutiou. 

The solution of sulphide of sodium is prepared either by dissolcing 
tallized sulphide of sodium in water (about 100 grm. to 1000— - 


* Joura. f. prakt. Chein. 73, 410. t Ihid. 88, 486. 

I ZeitHchvift f. anal. Ohem. 1, 21. Lon ited 

11 Concerning the direct treatment of roasted zinc ores with a 
and caustic ammonia, comp. E. Schmidt (Jouru. f. prakt. (diein. a, ' jiailvcd, 
treatment the oxide of zinc, which was cmnbined with carbonic acid, 
whilst that combined with silicic acid is for the most part left uudissolvea. 
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witer), or by supersaturating a solution of soda, free from carbonic acid, 
witli sulpburettcd hydrogen, and subsequently heating the solution in a 
iliisk to expel the excess of suljduirctted hydrogen. Whichever way it is 
prei)ared, the solution is afterwards diluted, so that 1 c. c. may precipitote 
about 0-01 grm. zinc. Prepare a .solution of zinc, by dissolving 10 grm. 
clioinieally pure zinc in hydrochloric acid, or 44-122 grm. dry crystallized 
sulpluitc of zinc in water, or 68-133 grm. dry crystallized sulphate of 
potash and zinc in water, and making the solution in either case up to 1 
litre with water. 

Each c. c. of this solution corresponds to 0-01 grm. zinc. Now measure 
off 30 — 50 c. c. of this zinc solution into a beaker, add ammonia till the 
pieci])itatc is redissolved, and then 400 — 500 c. c. distilled water. Pun in 
sulj»hi(le of sodium as long as a distinct precipitate continues to be formed, 
thou stir briskly, remove a drop of* the fluid on the end of a rod to a porce- 
lain plate, spread it out* so that it may cover a somewhat large surface, and 
place in the middle a drop of pure dilute solution of chloride of nickel. If 
the edge of the drop of nickel solution remains blue or green, proceed with 
the addition of sulphide of sodium, testing from time to time, till at last a 
lilaekish grey coloration appears surrounding the nickel solution. The 
reaction is noAv completed, the whole of the zinc is precijjitatcd and a 
slight excess of sulphide of sodium has been added. The j)recise depth of 
color of tlie nickel must be observed and remembered, as it will have to 
serve as the stopping signal in future experiments. To make sure that the 
ziiu; is really (piite precij)itated, you may add a few tenths of a c. c. more 
ol the reagent, and test again, of course the color of the nickel-drop must 
l)e d:irker. Note the number of c. c. used, and repeat the e.xperiment, 
riiiiiiiiig in at once the necess.ary quantity of the reagent, /m 1 c. c., and 
then adding ()’2 c. c. at a time, till the end-reaction is reached. The last 
cxpcriiiient is considered the more correct oiue The .suljdiide of sodium solu- 
tion must l)(! restandardized before each new series of analyses — ^hat is, if it 
is kept in bottles cemtaining air; if, on the contrary, the arrangement 
described p. li)S for protochloride of tin, be employed, the solution would 
without doubt keep unaltered ; 1 have not yet, however, tried the experi- 
ment. 

c. Di'tcriniiidtion of the zinc in the solution (f the ore. 

Proceed in the s:ime way Avith the ammoniac^il solution prepared in a as 
with the known zinc solution in b. Here also rcj»eat the experiment, the 
second time running in at once the required number of c. c., less 1, of sul- 
phide of sodium, and then adding 0-2 c. c. at a time, till the end-reaction 
makes its a])|)earance. The .second result is considered the true one. There 

three different ways in Avhich this re[)Ctition of the experiment may be 
made. You may either Aveigh out at the hrst tAvo portions of the zinc ore, * 
^'I'you may Avcigh out .double the quantity required for one ex[)erimerit, 
^'i<dve the ammoniacal solution up to 1 litn* and employ J litre for each 
^J^periment, or lastly, having reached the end-reaction in the first exj)eri- 
’iiciit, you may add 1 c. c. of the knoAvn zinc solution, Avhichhvill destroy 
dm excess of sulphide of sodium, and then run in sulphide of sodium in 
pwtioiis of 0-2 c. c., till the end-reaction is again attained. Of course, in 
diis last ])rocess to obtain the second result, you deduct from the Avhole 
pmiitity of sul[)hide of sodium used the amount of the same, corresponding 
1 c. c. of the zinc solution. 

If the ore conUiins copper, which frequently occurs in the case of 
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blendes, determine by a preliminary experiment (after pp. 643-4) thonuu^jjp 
of c. c. of sulphide of sodium wliicli are necessary to precipitate the connei. 
and at the completion of the zinc-analysis deduct the?n. In this case lot 
the drop to bo tested with nickel solution pass through a small filter oil its 
way to the porcelain plate, in order to avoid the injurious inlluence of the 
sulphide of copper on the nickel reaction. If, however, the copper anioiinu 
to more than 2 per cent, remove it from the acid solution hy HuI|)hiireUe(l 
hydrogen, evaporate the filtrate Avitli nitric acid, dilute, treat with ammonia 
and determine the zinc as above. 

In careful hands the error will, according to C. K unzel, never exceed 
I per cent 

d. Further imdifications of the process. 

To asccrtiin the point when the whole of the zinc is precipitated and 
the sulphide of sodium begins to jwedomiiiato, vSchaffnku* employed llocks 
of hydrated scsquioxidc of iron, which he produced by the addition of a 
few drops of sesquichloridc of iron to the ammoniacal zinc solution, and 
which settled at the bottom ; while BAiUiESWiLf used small pieces of 
ignited porcelain, which were covered with sestpjichloride of iron, and 
thrown into the ammoniacal zinc solution. Sulpliide of sodium is added 
till the flocks or the pieces of porcelain turn black. In neither case is the 
end-rcaction so exact as Avith nickel solution. 

With the help of lead-paj)er, liowever, the jioint may be hit with great 
precision. Moisten a piece of white filter paper with solution of acetate of 
lead, place it on a layer of blotting paper, drop some carbonate* of aminonia 
U})on it, so as to form a tbiri coating of carbonate of lead, let the blotting 
paper absorb the excess of moisture, and then sj^rcad the lead pa])er on a 
porcelain plate. As soon as you imagine the zinc to be nearly all proid- 
pitated, lay a small piece of filter paper on the load ])a})er, and then dip tin; 
end of a blunt glass rod in the fluid, and press it somewhat gently on the 
small piece of filter paper. When the sulphide of sodium begins to lie in 
excess, a brown spot forms on the lead paper. This lead paper a|)jH‘ars to 
bo more sensitive than the iiitroprusside of sodium jiapier proposed hy Cai:i- 
iMonn,}: which, however, is very serviceable. Fr. Mohu|| apjdles the lead- 
reaction in another manner, lie makes an alkaline solution o]‘ load by 
warming together acetate of lead, llocliclle salt and solution of soda; he 
first places a drop of this on filter-paper, and then close hy a drop ol tho 
precipitated zinc solution, so that the circle formed hy the s})readingo( the 
solution to he teate<I may cut tlie circle of the lead solution. As soon as the 
sulphide of sodium begins to predominate, the portion of the circumicreiice 
of the lead circle, which lies in the other circle, turns black, 

* 2. II. ScHAVARz’s Meiliod.^^ 

Prepare an ammoniacal solution as in 1, a. 

Heat gently, and mix with a moderate excess of sulphide of ammonium. 
Allow the prccipitiited sulphide of zinc to subside, then filter, using a 

* Joum. f. prakt. Chem. 73, 410. 
t Journ. de pharin. 1857, 431 ; Tolyt. Centralbl. 1858, 285, 

X Dingler’rt polyt. Journ. 148, 115. 

II His Lehrbuch der Titrirmethode, 2 Aufl. 377. 

U See his Anleitung zu MaassanalyHcn, Naclitriige, p. 29 (Brunswick). Cnmpan 
also V. Gellhorn (Chem. Centralbl. 1863, 291), who has made many analyses y 
Schwarz’s method. 
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tolerably large plaited filter of rapidly filtering paper, moistened with boiling 
water, and warming tlie fluid to accelerate the oiieration, which would 
otherwise require considerable time. Wash the precipitate with warm 
water mixed with a little ammonia, until the last drops no longer blacken 
-I solution of oxide of lead in soda. 

Transfer the filter with tlie precipitate to a beaker, add a dilute solution 
of slightly acidified sesquichloridc of iron, cover with a close-fitting glass 
nlate and let the mixture stand for ten minutes; then heat gently. Under 
these circumstances the sulphide of zinc decomposes completely with the 
c;esquicliloride of iron to chloride of zinc, protocliloride of iron, and sulphur : 

Fc„ CI3 + Zn S = Zn Cl + S + 2 Fe Cl. 

Now add sulphuric acid, and heat gently until the sul]hur has aggluti* 
nated. Filter, wash tlie filter, and determine the iron in the fluid as proto- 
chloride by permanganate (§ 112, 2).* 2 cq. iron correspond to 1 eq. zinc. 
If the quantity of sirlphide of zinc is not very great, tlie filter may be 
hrokeri, and the sulpliide of zinc wa.shcd into a flask which already contains 
the solution of sesquichloride of iron. The great objection to this method 
lies in the washing of tlie sulpliide of zinc, which, as is well known, is a 
lonj^ and troublesome o])eration. A jio.ssible loss of sulphuretted hydrogen 
oil inixing the sulphide of zinc with sesquichloride of iron may be prevented 
by conducting the dccomjiosition in a flask, connected with a U-tubc con- 
taining sesquichloride of iron. 

3. Carl Mohr’s Methocl\ 

This method is based upon the following considerations; — 

I. If a solution of acetate of zinc, acidified with acetic acid, is mixed 

with an excess of ferricyanide of potassium, the whole of tlic zinc is throivn 
clown in the form of a reddisli yellow precipitate of ferricyanide of zinc 
2". (<^V, Fe,). ^ _ • 

II. I1‘ solution of iodide of potassium is now added in excess, we have 
this dccompositi^i : — 2 [Ziq (Cy^ Fc^)] -h 2 K 1 4- 2 (A, 110) - 3 [Zn^ (Cy, 
F0] + 2(KO,r) + n,(Cy,Fe) + 2I. 

III. 1 cq. liberated iodine corresjionds, accordingly, to 3 cq. zinc. 

IV. If iodide of potassium i.s made to act upon ferricyanide of zinc in a 
Jif'Ulral fluid, the liberated iodine acts upon tlie ferrocyaiiide of potassium 
pu'.sent ill that case, which leads to the formation of a little ferricyanide of 
p)ta.s.siuiu ; the remaining free iodine, tlierefore, will not indicate, with 
CK'ciiiacy, the quantity of zinc present. Hut wdicreas, tlie reaction actually 

])Iaco ill aciil solution of acetate of zinc, as above directed, it may lie 
tliat acetate of potassa and free hydrofcrrocyanic licid arc formed; 
as iodine exerci.ses no appreciable action upon the latter substance, tlie 
lodiiie liberated in the process indicates, with tolerable accimicy, the 
aaioiiiit of zinc present. , 

^he pirocess is as follows — 

Ireat tlie ore with aqua regia, as in 1, a, and drive off the gr^eater part 
of die free acid ; nearly neutralize with carb<mato of soda, add acetate of 
l^oda in excess, boil, filter, and wash with boiling water mixed with a little 
‘icetato of soda. The solution is iron-free ; it contains the whole of the 

^ Without doubt tlie eesquiohloride of iron might be replaced by the seaquisulphate, 
y which means the presence of hydrochloric acid would be avoided. 

t Dingier s polyt. Journ. 148, 115. 
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zinc, but, in presence of manganese, also the whole of the latter metal 
Hence tlie process is not applicable in the presence of manganese. 

Mix the solution of zinc, prepared as directed, with ferrioyaiii Je of potas 
siuin in slight excess, until a sample of the clear supernatant Ihi id .rive^ 
a blue precipitate with a salt of protoxide of iron. Then add a siiffieiem 
quantity of iodide of potassium. The fluid acquires a brown color in 
conseijuence of the liberation of iodine ; the white precipitate of feno. 
cyanide of zinc is suspended in the brown fluid. 

Determine now the free iodine by means of hyposulphite of soda 
(§ 146, 3), and calculate 3 cq. zinc for each eq. iodine. The results 
obtained by C. Mona, and also in my own laboratory, are very satisfactory 
The method can be employed only if the acetic acid solution c()iitain.s uq 
other heavy metal besides zinc, and, more particularly, no inanganesc. 

19. Analysis of Cast Iron, Steel, and 'Wrought Iron. 

§ 249. 

Cast iron, one of the most important products of metallnrgio indn.stry, 
contains a wliole series of elements, mixed in greater or less projiortior 
with the iron, or combined with it. Although the influence which tlif 
various foreign substJinccs mixed with the iron exercise on the (pinlity oi 
cast iron is not yet accurately known, still tlie fact that they do c.\er('isr 
considerable influence on the quality of the firticdo is beyond doubt. Tlir 
analysis of cast iron is one of the more difficult juobleins of analytical 
cliemi.stry. The following bodies must be had regard to in the arialysi.s:— 

Iron^ carbon combined with the iron, carbon in form of firaphlte, iiilroycn, 
si/iron, phosphoruff, .wlphur, potassium, sodium, lithium, caleiinn, mag- 
nesium, aluminium, chromium, titanium, zinc, 7nan{/anes'(>, cohalt, nickel, 
copper^ tin, arsenic, antimony, vanadium. As a general rule, tlio olcnicnt.s 
in italics alone are quantitatively determined. 

Steel and wrought iron are analysed in the s^une manner as cast iron. 


1. Detenninatiori of the Carbon. 

a. Determination of the total amount of Carbon. 

Of the various methods that have been j)roposcd for the detcrniiiiaticii 
of the totiil amount of carbon in cast iron, stool, and wrought iron, those 
only invariably yield accurate results, in wliioh the carbon is finally con- 
verted into carbonic acid, and weighed as such ; wliile, on the other haiu , 
all tliose methods must be considered as less trustwortliy, in which tic 
carbonaceous residue left after subjecting the substuiee to some process o 
Holution, is weighed, the incombustible [lart thereof determined, am t ic 
carbon cfitimated by difference. The reason wliy methods of the 
kind cannot be relied upon, is simply because tlie combustible poilmn o 
the residues in question is not usually pure carbon. . 

flence the methods that I shall give will be all of the former 
tion. In these, the burning of the cjirbon is variously pcrlormcc , 
either on a residue obtained by dissolving the iron in a suitable 
or on the mechanically divided iron, and again either in the diy oi 
wet way, 
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a. W. Weyl’s Method* 

This new process possesses the great advantage of dispensing with the 
necessity of pulverizing the iron, in which operation, as is well known it 
is difficult to keep the substance pure. The solution is effected with the 
aid of a weak galvanic current, derived from a Bunsen’s element, the 
piece of iron to be analysed being immersed as the j)ositive electrode in 
dilute hydrochloric acid. The iron dissolves as protochloride without the 
evolution of any gas from its surface, leaving the carbon behind, while the 
hydrogen escapes from the opposite negative elc(;trodo. With a strowj 
current, we should iniss our aim, for under its influence the iron would 
readily become passive; under these circumstances chlorine would be 
evolved from its surface, which would have an oxidizing action on the 
carbon already separated, and would also form a combination directly with 
it, analogous to hydrochloric acid, which would be decomposed by tlie 
current, caibon being separatcul at the negative pole. It is obvious, that 
loss of carbon is incurred in both cases, viz., in the first case in the’form 
of carbonic oxide or carbonic acid, in the second case as carbonetted 
hydrogen, which may bo formed from the carbon and liydrogen simul- 
tiiiicously separated at tlie negative ])ole. 

Take a piece of iron weighing from 10 to 15 grm., suspend it by means 
of a pair of pincers witli platinum points, in dilute hydrochloric acid, takimr 
care that the points of contact of the pincers with the iron are not niois° 
iciied by the acid,t connect the pincers with the wire of the positive pole 
immerse the pilatinum foil fixed on tlie wire of the negative pole likewise in 
the acid, and regulate the .strength of the current by increasing tlie distance 
hotween the electrodes, so that no .sc.s<piichloride of iron may be fbrmc'd. 
llio formation of the latter is immediately discovered by the yellowish 
color of the filaments of concentrated iron .solution descondino- from the 
piece of iron. The lump) of metal alters hut little in outward appiearanoe 
(luring tlio process of .solution, for the carbon retains tlie original form of the 
iron. As soon as tlie immersed portion of the lump has dissolved (/.c., iu 
about 12 hours), interrupt the oi^eratioii, separate the undissolvcd eonnlact 
piece of iron from the adhm-ing carlion, dry, and weigh it ; the loss indicates 
bie amount of .substance takim. (‘ollect the carbon on an asbestos 
niter, J dry it in a stream of air, mix it with oxide of copper, and burn 
with co-operation of a current of oxygen ; comp. § 178. Kosults good. 


/3. Method e>/’ B ehzeliu.s (somewhat modified). 

Treat about 5 grm. of the cast iron, moderately comminuted, witli a 
concentrated solution of chloride of copiper, as free as po.s.sible from acid, 
‘nni let tlie mixture stand at the common temperatun‘|| with occasional 
stirring. As soon as thejiart remaining lunlissolved presents a mixed mass 
0 copper and separated carbon, Ac!, crumliling under pres.snre, add hydro- 
Clone acid, and, if iieces.sary, some more cldoride of copiper, and digest 


x . * Fogg. Annal. 114, 507. 

8001 J carbon separated between the platinum points and the iron would 

y veiy much impede the solution. 

pose ? ^ /'’■^cautionary measure, it is proper before using the asbestos for this pur- 

Z^itschriftranal ^ 

evolved, which contains a trifling admix- 
bonetted hydrogen. Comp. Hahn, Annal. d. Chem. u. Phartn. 129, 70. 

U U 2 
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until the whole of the copper la diaaolved to snbcliloride. Filter tl 
a tube of tho form sliowii in fig. 177, the narrow part of wliidi is f 
stopped witli spongy platinum or asbestos, ignited in a 
of moist air. Wa.sli well, dry thoroughly, and treat the cnH ■ 
contents of the tube, either as directed § 170 or § 178 Af^ 
emptying the tube, rinse with a little ehroniate of lead or o/d 
of copper ; if the combustion is to be efiected in a lioat ! 
current of oxygen gas, in order that the iiu’ombustible'resil" 
may be examined, rinse with oxide of mercury. ^ 

y. Ullg hen’s Method.* 

The cast iron should bo in form of bore-chips, ifgi’ey, of coarso 
powder, if white. Treat about 2 grm., in a small hciiker atl 
gentle heat and with stirring, witli a solution of 10 irrm. suf 
I>hato of copper in 50 c. c. water. As soon as the iron is diJ 
solved, allow to settle, and decant tho clear solution, iioiirin.r 
Fig. 177. remains (both fluid and solid) into the flask a (lin-, ij.sj". 

the particles that remain in the first vessel are rinsed in with a jot 
from the wash-bottle, the smallest possible quantity of water being used, 



Fig. 178. 

so that the fluid may not exceed 25 c. c. Now add to the flask 40 c. c- 
(or proportionally more, if you were obliged to use more wash-water) o j 

* Annal. d. Chem. u. Pharm. 124, 69 ; Zeitachrift f. anal. Chem. 2, 430. 
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concentrated sulphuric acid. Allow to cool, add 8 grni. chromic acid,* 
lid connect the flask with the apparatus destined to receive the carbonic 
u’iJ quantity of the latter resulting from the oxidation of the carbon 

\ V the chromic acid, corresponds to the total amount of the carbon. The 
apparatus is represented by fig. 178. The flask a holds 150 c. c. ; it 
stonds in the wire basket b ; c is closed during the oj)eration with a glass 
j-od which, on drawing air through at the end of the operation, is replaced 
by a potash tube ; e is connected with the bulb tube d, which is fused to 
the side of the flask ; it serves to condense the greater portion of the 
aqueous vapor; its bulb must be of 70 or 80 c. c. capacity. The cylinder 
f holds ^-litre and contains pumice which has been moistened with sul- 
Vdiiiric acid, and thciii lieatcd till all hydrochloric and hydrolluoric acidsj 
have been expelled. The tidoe (j leading into the cylinder is cut off close 
underneath the stopper, whilst tlie exit tube w, on the contrary, reaches 
nearly to the bottom, h contiiins chloride of calcium, and is 0‘G metre 
loiio'j i is the weighed absoiqUion tube, filled principally with potash- 
pumice, J but containing a little chloride of calcium at tlie end. It is con- 
nected during the operation with a small guard-tid)e k containing potash. 

When everything is ready, heat the flask gradually, till the evolution of 
n-as becomes so violent that the mass threatens to run over. ISow' maintain 
the temperature at the s<mie point, as long as the evolution of gas proceeds 
at the same rate ; but as soon as it begins to slacken, raise the temperature 
again, till wdiitc vapors begin to ascend into the bulb tube e ; continue the 
operation of solution, thus regulating the temperature, till gas almost ceases 
to he evolved. Now eoimect k with an aspirator and open its cock a little, 
and afterwards connect c wdth a ]:)Otash-tiibc ; c should be previously 
pressed dowm into u, so that it may dip in the fluid. Then open the cock 
of tlie as[)irator a little more, so tliat the air bubbles may pass through 
the Iluid in o, at the rate of about tw'o a second. When 5 or 0 litres of 
water have flowed out of the aspdrator, the wdiolo of the earbonkj acid in 
the a])])aratus will have been absorbed by i\ AVeigb the latter wliou cool. 
To make (piite sure, connect it again wdth tlic app)aratus, draw air through, 
and reweigh. 

d. Kixjnault’s Method. 

By direct Co mb tod ion of the Iron. 

The iron must be reduced to the finest powder. The harder sorts are 
Itroken on the anvil, stamped in a steel mortar (p. 37, fig- -1), and pas>ed 
tliroiigli a plate sieve wdth very' small holes; the softer sorts are filed witli 
a well-hardened file. Samples of iron wdiicli cannot he reduced to a very 
fnc powder by these means, must be treated by some other method. 

* The brothers Rogers, and suliseqiiently Rrniiner, recommended a mixture of bi- 
chromate of potash with excess of concentrated sulphuric acid, l^ut Ullgren prefers 
chromic acid, as by its use the formation of .anhy’tlroiis chrome alum is avoided. This 
®alt is deposited, when concentrated sulphuric acid is employed, as a groou muddy 
hind of powder, and is almost insoluble in water, acids, and alkalies. Its presence 
tends both to delay and conceal the completion of the oxidation.^ 

t Arising from tho chlorides and fluorides contained in this silicate. 

+ The potash-pumice is prepared as follow.^ :- -I)is.solve 1 part of caustic j otash in 
3 to 4 parts of water, heat the solution in an iron vessel and, maintaining at a tem- 
ferature somewhat over 100" all the wliile, stir in enough granulated pumice stone, to 
bmi a nearly dry mass. Put it, while still hot, into a bottle wilh ground stopper and 
^gitate till the temperature is so reduced that the grains no longer adhere to one 
*^Dother, This preparation absorb.s carbonic acid very rapidly and completely ; Lll- 
greu says more rapidly than soda-lime. 
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Regnault, who was the first to employ this method, and Bromkis* use 
a mixture of chromate of lead with chlorate of potassa in tlie process of 
combustion. KuDERNATSCHf , who observed that the use of those agents is 
attended with a slight evolution of chlorine, prefers {nire oxide ol‘ coppf r 
H. Rose recommends oxide of copper with the co-operation of a ourrentof 
oxygen gas (§ 178, a) ; Wohler uses the method described § 178, h (com. 
bustion in a boat, in a current of oxygen) ; Mayer recommends tlic use of 
chromate of lead mixed with bichromate of potassa (§ 170). Altliou'di 
no water determination is made, it is always advi.sable to place a cliloride 
of calcium tube between the combustion tube and the j^otasli bulbs to 
absorb any moisture that may bo present. 

d. Determination of the Graphite. 

Treat another portion of the cast iron with moderately concentrated hydro- 
chloric acid, at a gentle heat, until no more gas is evolved ; filter the solu- 
tion through asbestos that has been ignited in a stream of moist air or 
through spongy platinum (comp, u, /3), wash the undissolved residue, first 
with boiling water, then with solution of potassa, after this with alcohol, 
and lastly with ether (Max RuchnerJ); then dry, and burn after § 17C or 
§ 178. Direct weighing is not advisjible, as the graphite generally coiitains 
silicon. Deduct the graphite obtained here ftom the total amount of 
carbon found in a ; the difference gives the combined carbon. 

. 2 . Determination of the Sniphur. 

The s<ufcst way of estimating .sulphur in cast iron is the following Put 
about 10 grm. of the sub.stance, in the finest possible state of division, into 
thefiask a (fig. 170), insert the cork,|| containing 
the funnel tube d c, and the evolution tube/; tlie 
funnel-tube is provided witli a little merenry at 
and the evolution tube is connected with two 
U-tubes, which contain a strongly alkaline solu- 
tion of lead. Fill the funnel d with hydro- 
chloric acid, and suck by means of an India-rubber 
tube at the exit of the second U-tube, in wliicli a 
small glass tube is inserted; the acid will thus 
pass into the flask. Heat the flask, .sucking in 
more acid from time to time as just described, till 
complete solution of the iron is efiected ; then 
connect the exit of the second U-tube witli an 
asjiirator, and draw air through the apparatus lor 
a long time. Collect the sulphide of lead on a 
small filter, fuse it cautiously with a little uit^^ 
and carbonate of soda, soak in water, pass carbonic 
acid, to precipitate traces* of dissolved lead, filter, 
Fig. 179. acidify the filtrate with hydrochloric acid and pre- 

* cipitcite tlie sulphuric acid with chloride of barimn- 

To make quite sure that you have left no suljilmr belli nd, before throwing 
away the contents of the flask, evaporate the solution of protodilori* e 

* Annal. d. Chem. u. Pliarm. 43, 242. t Joum. f. prakt. Chem. 40, 499. 

X Journ. f. prakt. Chem. 72, 864. . 

II If a caoutchouc stopper were used, a little sulphur would not be unlikely g 
into the residue ; the caoutchouc connexions must be desulphurized. 
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of iron, to drive ofF excess of hydrochloric acid, and test it with chloride 
of barium ; also fuse the undissolved residue with nitre and carbonate of 
soda, and test the aqueous extract of the fused mass for sulphuric acid. 

a rule the residue will be found free from sulphur. But if any 
sulphate of baryta is obtained again here, it may be collected on the same 
filter wliich has received that produced frmri the sulphide of lead. 

When the iron is dissolved in aqua regia or bromine in presence of 
water, and the solution, after being freed by evaporation from the excess ol 
acid or bromine, is precipitated directly with chloride of barium, less 
accurate results are obtained than by the method detiiiled above, especially 
in the case of irons that contain but little sulphur.* 

3. Determtnation of the Nitrogen. 

This element occurs in cast iron (steel, and wrought iron) in two conditions 
(Boms, Boussingault, Fremy, ULLGREuf). When the iron is dissolved in 
lijdrochloric acid, a part of the nitrogen forms ammonia under the 
iiilluence of the nascent hydrogen, whilst another part remains in the 
carbonaceous residue. The methods which I shall give for the determina- 
tion of the nitrogen in each condition arc taken from Uelgken’s papers, J 
where attention is directed to several important points, which were formerly 
overlooked or disregarded. 

a. Determination of the Nitrogen^ which foinns ammonia on the solution 

of the iron in hydrochloric acid. 

a. Dissolve the iron in a flask or tubulated retort in hydrochloric acid. 
Pass the escaj)ing hydrogen, which carries away a little ammonia, through 
a U-tubc, charged with dilute hydrochloric acid. Tlie solution being 
ended, mix the contents of the U-tube witli tliose of the flask, distil with 
excess of hytfratc of potash, till half the fluid has passed over, and proceed 
generally as directed § 99, 3, a. 

If you conduct the process in the old fashion, and allow the hydrogen 
free exit, you will lose about I or | of the ammonia. 

/I. Treat about 2 grin, of the finely divided cast iron in a tubulated 
retort with a solution of 10 grm. crystallized sulphate of coj)per, and 
6 grm. fused chloride of sodium. When the iron is dissolved, add milk 
ol lime and proceed as in a. 

Ullguen prefers the latter method. 

b. Determination of the Nitrogen, which remains in the carbonaceous 

residue on the solution of the iron in hydrochloric acid. 

Boussingault recommended burning the residue in question with soda- 
lime (§ 180). But Ullgren finds that the results thus obtained are * 
unsatisfactory, because ilie graphite requires for its oxidation at the expense 
ol the water in the hydrate of soda, a temperature, far exceeding the 
highest point at which it is possible for ammonia to exist., lienee we 
have to separate the nitrogen in the elementary form. Ullgren employs 
kr the combustion sulphate of mercury, using the apparatus fig. 180. A is 
an ordinary combustion tube, 30 cm. long ; it is filled as far as g with about 

^ * Comp. Zeitschrift f. anal. Chem. 2, 46 and 433. t Ibid. 2, 435. 

9 Chem. u. Pharm. 124, 70, and 125, 40 ; Zeitschrift f. anal, Ohom. 
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12grm. magnesite or bicarbonate of soda, at cj is a phin- of asbcsf 
contains tlie mixture of about 0*1 gmi. of the carbonaceous resiXlV-'f 
at IdO , with about 3'5 or 4 grm. sulphate ol‘ mercury as free us po' '}f 



irom subsalt, and also the small quantity of the mercury siilt used lor 
rinsing tlie agate morUir ; an asbestos plug follows next, then a 2-iudi 
layer of coarsely powdered j)umico (/to A) which bus jweviously boon 
mixed with sulphate of mercury and a little water and then dried ; lastly a 
plug of asbestos is added. The anterior part of the tube is iillcd with 
pieces ot pumice, which have been boiled with a concentrabHl sohitiem ol 
bichromate of j)otash and allowed to cool therein. After draining they 
are inserted, still nioi.st, in the tube. Tluiy .serve to absorb the siilphiirous 
acid, and they perform their ofliee with rapidity and (;a.so. The gas tube a 
is connected with the combustion tube A ; this will have to dip into a mer- 
curial trough (not represented in the cut), in wliicli the tube /> is inverted. 
The narrowest part of the latter holds about 20 c. c. ; it is graduated and 
must be so narrow as to permit of reading olf to c. e. Tbelmlbr 
hold.s about 40 c. c., the lower j)art 20 to 30 c. c. Tlio tul)e is com- 
])Ietcly filled with mercury and inverted. Throw up some solution of 
])Otash (1 part hydrate ol pota.sli and 2 parts water), till the bull) c is 
lillcd to witliin about 10 c. c., and then lij c. c. of a saturated and elear 
.solution of tannic acid. The mercury will now .stand at about e. When 
the apparatus has been arranged and the part of the comhiustion tube to lie 
, heated has been .surrounded wftli thin metal plate, drive the air out of the 
tube in the usual manner by heating one half of tlio carbonate at the end 
of the tube, then |)usli the turned-up [x)intof a under 7?, licat the jiart y / 
of the tube fir.st gently, to remove any moisture tliat may have been 
dejKJsited, t.hen heat the part ///,* and when tins is red-hot, r.'iiso the 
mixture rapidly to strong ignition. Proceed with the heating, till tin; 
evolution of gas stops and the column of fluid in the measuring tube 
ceases to descend. Now heat the rest of the carbonate. A.s sooji as tla^ 
tubes arc full of pure carbonic acid, the height of the fluid in rcmaini’ 

The object of this layer of pumice impregnated with sulphate of mercury, b 
prevent the otherwise possible evolution of carbonic oxide. 
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constant. Now tniiisfer ^ to a water-trough when tlie mercury and 
potash will be replaced by water. Measure the nitrogcnj observing the 
heights of the barometer and thermometer and calculate the weight. 

4. Determination of the total amounts of silicon, iron, manganese, zinc, 
cohalt, nickel, alumina, titanic acid, alkedine earths and alkalies* 


Dissolve about lOgrrn. of theca.st iron in a capacious j)]atinuni dish,f in 
moderately dilute hydrochloric acid, evaporate with a few drops of dilute 
sulphuric acid on the water-bath to dryness, till the Tnass ceases to smell 
of hydrochloric acid, moisten with hydrochloric acid, heat, add water 
filter, wash and dry the i)recipitate. Let us call it a. Heat the solution 
ill a porcelain dish with nitric acid, dilute copiously and precipitate the 
scs(|uinxide of iron, by nearly saturating with carbonate of ammonia 
and boiling, after p. 382, 77. Wash and dry tlie precipitate; call it b. 

Mix the filtrate from h with ammonia in slight excess, heat till the 
excess of ammonia is almost expelled, filter, dissolve in hydrochloric acid 
and reprccipitate in the same manner. Filter, wash and dry the pre- 
cipitate ; call it c. 

Acidify the filtrate from c with hydrochloric acid, concentrate in a porce- 
lain dish, transfer to a flask, add ammonia and sulphide of ammonium 
and proceed generally as directed p. 178, c. After 21 hours, filter the 
precipitate (d) oft, wash it with water containing sulphide of ammonium, 
spread the filter on a glass i)lato, rinse the precipitate into a flask, treat it 
witli acetic acid, cork and set aside. 


Evaporate the filtrate from d in a platinum dish to dryness, ex])el the 
anirnonia salts at the lowest temperature possible, and in the residue deter- 
mine the alkaline earths and alkalies after pp. 50 J— 2. 

Now proceed to examine the preci[)itates, u, b, c and d. 

Tlie residue a contains the whole of the bodies insoluble or, difficultly 
soluble in hydrochloric acid. The following substam^es may be present 
besides carbon and silica, viz., jdiosphide of iron, chromium-iron, vana- 
dium-iron, arsenide of iron, carbide of iron, silicon, molybdenum, A^c., and 
also slag in a more or less altered condition. Titanic acid and sulphate of 
baryta may also be here present. Fuse with carbonate of soda and })Otash, 
‘Hid a little nitre, sejiarate the silica as usual, by evaporating with hydro- 
obloric acid and two drops of dilute sulphuric acid, weigh it and see 
whether it is pure (comp. p. «101); the impurities most likely to ])<‘pi'csent 
fire sulphate of baryta and titanic acid. The silicic acid may have been 
partially formed from silicon, and jiartially present as such in the shag, 
hi the filtrate from the silicic acid separate Avhat is sejiar.ablo by tunmonia 
by doulile precipitation, filter off the pre^^tate ic'), then precipitate Avitli 
stdpliide of ammonium, filter oft the precipitate (d', to be treated as (/) and • 
iially test the liltrat(^ for alkaline eartlrs, any small (piantities of which 
Hiind can then be weighed with the somewhat larger amount obtained above. 

Hie firecipitates b, c and c' contain the whole of the sesipiioxide of iron 
alumina, also that part of the titanic acid which has passed Into solution, 
rdiisfer the mi.xed ignited precipitates to several })latinuni or porcelain 
oats, put these in a glass tube and ignite in jmre hydrogen, till Ao more 


2 bippert, Beitriigo zur Analyse des Roheisens, Zeitschrift f. anal. Chem, 

or porcelain be used, the estimations of the silicon and aluminium cannot 
00 considered as absolutely exact. 
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steam issues. Treat the boats and their contents with very dilute nitric 
acid (p. 385, 85) to dissolve the iron, make the solution up to lOoo o c 
and determine the iron in an aliquot part by oxidation and precipiuitioa 
with ammonia.* Fuse tlie residue, which was insoluble in the very dilute 
nitric acid, with bisulphate of potash, take up with cold water, (liter oif 
any residual silica, collect and weigh it and add the weight to tliat loiuid 
above; pass sulphuretted hydrogen, endeavor to precij)itiite any titanic 
acid that may be present by boiling and passing a stream of carbonic acid 
boil the filtrate or the clear solution with nitric acid, precipitate the aluiuina 
with ammonia, and separate it from the small quantity of sescpiioxide ol’ 
iron that may possibly be present by the method given p. 505 (preci])itate II). 
In this, as in that case, regard must be paid to phos|)horic acid, as its 
presence would give fictitious weight to the alumina. If chromium wore 
present, its oxide would likewise have to be separated and determined in 
this precipitate. 

The precipitates d and have given up to the acetic acid almost the 
whole of their sulphide of manganese. Filter off the solution, suspend the 
residue in sulphuretted hydrogen water, and add some hydrochloric ;icid. 
Under these circumstances, the sulphide of zinc and any residual suljdiide 
of manganese arc dissolved, while the sulphide of copper (which is not here 
estimated), sulpldde of nickel and sulphide of cohilt, arc Ich behind. 
Evaporate the hydrochloric acid solution to a small bulk, boil with excess 
of solution of soda, precipitate any zinc from the solution by suljdiuretted 
hydrogen, dissolve any separated hydrate of protosesquioxidc of niangarieso 
in hydrochloric acid, add the solution to the acetic acid solution, and deter- 
mine the manganese in the mixture. Incinerate the filter, containing tho 
sulphides of copper, nickel and cobalt, dis.solve in hydrochloric acid, preci- 
pitiite with sulphuretted hydrogen, and in the filtrate tlius freed from copper 
estimate the nickel and cobalt. 

5. Determination of the metals of Groups V. and VI. and of the 
phosphorus. 

Treat 10 grm. of the cast iron in the fine.st pos.siblc state of division 
wdtli a previously heated mixture of 1 volume of nitric acid and 3 volumes 
of hydrochloric acid (both acids must be pure and strong) in a very 
ca})acious, long-necked, obliquely placed fla.sk at a gentle heat. When all 
visible action has cea.sed, decjint the solution and treat the residue with a 
fresh |>ortion of aqua regia.f Mix the solutions, dilute copiously and treat 
in a large flask with sulphuretted hydrogen, at first in the cold, tluni at 70 . 
I may here observe that the solution usually retains a ])rowjiish tint from 
di.s.solved organic substances, j^en after the sesquicliloride of iron is 
, reduced. Allow the fluid (satiRted with .sulphuretted hydrogen) to .settle 
for 24 hours, filter, dry the precipitite, which conai.sts jjrincipallj of 
sulphur, and extract it with warm bisulpliide of dirbon. Tlicre u.snally 
remains a small black residue, which ollen contiiins, besides sulpki^e of 
copper, a little sulphide of arsenic and sulphide of antimony. Separate 

* It is not advigable to determine the iron in a separately weighed smaller qu.'vntity, 
unless the sample to be examined is perfectly homogeneous. 

t Instead of atjua regia, bromine and water may be used. The solution ^ , 
rapidly, at first almost violently, if the bromine is in excess and the mixture ‘ . 

at 20“ — 30°. Toward the end assist the action by the heat of a M ater-bath (•!. Nick ( h . 
If this method is employed, I should still recommend that the residue be treated wi 
acjua regia. 
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these, or generally the metals present of tlie fifth and sixth groups, accord- 
jug to the methods given in Section V. 

Free the filtrate from the sulpliurettcd hydrogen precipitate from the 
excess of the gas by transmission of carbonic acid, add a little pure sesqui- 
chloride of iron, nearly neutralize the solution with pure carbonate of soda 
and precipitate with carbonate oi’ baryta in a closed flask. Treat the pre- 
cipitate, which contains the whole of the phosphoric acid (produced by the 
oxidation of the phosphorus compounds), with hydrochloric acid, precipitate 
the baryta with sulphuric acid, filter, evaporate to small bulk, preidpitate 
the phosphoric acid with solution of molybdenum and determine it after 
p.273,/3. ^ • 

As a portion of the phosphide of iron may have escaped oxidation by the 
a(pia regia, fuse the residue insoluble therein with carbonate of soda and 
nitre, and test the aqueous solution of the fused mass likewise for 
phosphoric acid. 


6. Determination of the Slag contained in cast iron. 

Dissolve a suflicieiit quantity of the iron by the method given p. 659, 
with the aid of the galvanic current, in very dilute hydrochloric acid. 
Under these circumstances the slag is not decomposed and therefore 
remains in the carbonaceous residue to be separated from the undissolved 
iron. Collect this residue on a small filter, ignite till all the carbon is 
consumed, boil with a solution of carbonate of soda, to remove admixed 
silicic acid, ignite the residue first in a strejun of hydrogen, then in a 
stream of dry chlorine free from air, treat the residue with a little dilute 
hydrochloric acid, and then again with boiling solution of carbonate of 
soda, wash, dry and weigh. If the quantity of the slag is not sufficient for 
an analysis, determine tlie silicic acid in it and calculate the o.xygen of the 
bases combined with silicic acid from the a})proximately known relation, 
which exists between the oxygen of the silicic acid and that of the bases in 
analogous slags. The question what portion of the aluminium, calcium, »fec., 
IS coiitiiined in the iron as metid, and what j)ortion is p>resent as oxide in 
the admixed slag, must remain unanswered, if the quantity of the slag is 
insufficient for a rcjil analysi.s. 

7. Should an iron contiiin vanadium, which is a rare occurrence, 
Sefstuum’s method* may be employed. 


SUPPLExMENT TO SECTION II. 


I. Estimation of Grape Sugar and J’ruit Sugar, Cane Sugar, 

Milk Sugar, Starch, and Dextrin. , 

Tlie estimation of those compounds is oflen called for in the analysis of 
fipicultural and technical products and pharmaceutical preparations; it is 
also ol importance in the examination of diabetic urine, 
betting aside the purely physical processes, which are based either ujx)n 
»e specific gravity of the sjiccharine solutions, or u|)on their dej)ortment 
'vith polarized light,| there are principally two methods for the estimation 


X Y Annal. 21, 47 ; H. Rose’s Handb. d. an.al. Chem. II. 764. 

T Interesting papers on the optical method have recently been published by Listing 
unal. d. Chem. u. Pharm. 96, 93), and Pohl ^Cheni. Centralbl, 1867, 1). A clear 
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of grape sugar, and consequently also of the other compounds, which are 
convertible into grape sugar. 

A. Methods based upon the Reduction of Oxide of Copper to 
Suboxide.* 

§ 250. 

If a solution containing sulphate of copper, neutral tartrate of potassa 
and solution of soda, in the proper proportions^ is heated, even to jii/l 
ebullition, it remains unaltered ; but if the ScUiie solution is heated al'ier 
addition of grape sugar (or fruit sugar)’ suboxide of copper se[)ai-ates. Tiie 
quantity of the oxide of copper reduced is proportional to tlie quantity of 
the grape sugar added : 1 eq. of the latter ^ IbO reduces 10 eq 

of oxide of co]>per-o07 (Fehling, C. Neubauei{). Q'herefore, if wo know 
the quantity of oxide of co[)per reduced, 'we know also that of grape su"-;u' 
added.t 

Upon this principle tavo methods may be based. Either we may add to 
a solution of copper of known strength, the exact quantity of grape sugar 
required to reduce all the oxide to suboxide ; or the solution ol' copper 
may bo used in excess, and the suboxide wdiich separates dc'.tci’inincd. 
The former method is the one most frecpicntly employt.'d ; the latter is 
resorted to whenever, from the dark color of the fluid, it is dillicidt to 
determine the exact point at which the process of reduction and separation 
is accomplished. 

We will now' proceed, finst to the estimation of grape sugar, and afler- 
wards to the consideration of the best method of converting cane sugar, 
starch, See., into grape sugar. 

1. Estimation of Guape Sugar in pure or almost pure 
' AquEous Solution. 

First Method. 

Requisites. 

a. Solution of Copper . — Dissolve exactly Sl'OdO gnu. pure crystallized 
sul[duitc of copper (completely iVeed from Jidhering moisture by ))nlv(;r)ziiig 
and pressing l)etwecn sheets of Itlotting j)aper) in about 200 c. c. water. 
Dissolve in another ves.sel 17d grm. of perfectly pure cry.stallizcd tartrate 
of soda and pota.s.sa in 480 c. c. of pure .solution of soda of M l .sp». gi’- 
Add the first solution gradually to the second, and dilute the deep bine 
clear fluid exactly to 1000 c. c. 10 c. c. of this solution contain 
0d34039 grm. sulphate of coj)por, and correspond exactly to OOoO gnu. 
anhydrous grap)e sugar. Keep -the solution in a cool, dark ])lace, in well- 
*clo.sed hottles, fiJled to the top, as the action of light or the ab.sorplion ol 
carbonic aend would lead to tlie se[)aratiou of sul.^:)xide of coj)|»er upon 

and illustrated description of this nietliod will be found in Otto’.s Lclirhucl) 
rationelleri Pi*axis der landwirtliBchaftlichen Gewerbe {5tli Edition, 

ViewegA Son, 1860 — 1862), vol, ii. p. 619 et seq. Brix (Chein, Centralbl. 1850, 
han given new tables on the percentages of sugar corre.sponding to various spoei c 
gravities of the solution, r 

* Comp. Fehling, On the Estimation of Sugar and Starch by Means of SulpMc^ 
Copper, Annal. d. Chem, u. Phann. 72, 106, and 106, 75 ; and C. Neubauer, Arcluv 
d. Pharm. 2 series, 72, 278. 

t With respect to the j)roduots formed from the sugar in this reaction comp* 
Reichardt (Annal. d. Chem. u. Phann. 127, 297). 



ESTIMATION OF SUGAR^ ETC. 


669 


§ 250.] 

mere exposure to heat; this might be prevented, however, by a fresh 
addition of solution of soda. Before using the solution, mix 10 c. c. of it 
with 40 c. c. of water, or dilute solution of soda, as the case may be, and 
boil the mixture for some minutes ; if this operation produces the least 
change in the fluid and causes the separation of even the smallest quantity 
of suboxidc, tlie solution is unfit for use. 

h. Solution of Sugar . — This must be highly dilute, containing only ^ per 
cent, of sugar. If, therefore, you find, in a first experiment, that the sugar 
solution is too concentrated, dilute it with a definite quantity of water, and 
repeat the experiment. 

The Actual Anahjm. 

I\Icasurc 10 c. c. of the copper solution into a small flask or porcelain 
dish, add 40 c. c. water, or very dilute solution of soda if required ; heat 
to gentle ebullition, and from a burette divided into c. c. run in the 
sugar solution in small portions slowly. After the addition of the first few 
droi)s, the fluid shows a groenish-bro\vn tint, owing to the suboxide and 
hydrated suboxidc suspended in the blue solution ; in proportion as more 
oi the sugar solution is added, the preci[)itiite becomes more copious, 
acquires a redder tint, and subsides more speedily. When the precip)itate 
presents a deep red color, remove the lamp, allow to subside a little, and 
place the flask on white paper. If you are using a porcelain dish give it 
an inclined position. You will tlius bo enabled readily to detect the legist 
bluish-gi'cen tint. To make quite sure, however, pour a small portion of 
the edear supernatant fluid into a te.st-tubo, add a drop of the sugar solu- 
tion, and apply heat. If there remains the least trace of srdt ol' copper 
iindecom posed, a yellowisli-red precipitate will Ibrm, appearing at first like 
a cloud in the fluid. In that ca.se, pom* the contents of the test-tube into 
the flask or dish, and continue adding the solution of sugar until the 


reaction is complete. The amount used of tlie solution of 


sugar 


contains 


O'OoO grm. grape sugar. 

When the operation is terminated, ascertain whether it has fully 
succeeded, that is, whetlier tin; solution really contains neither copper, 
sugar, nor a brown product of the decomposition of the latter substance. 
To this end filter off a portion of the fluid while still quite hot. The 
filtrate must be colorle.ss (without the lea.st brownish tinge). Heat a 
portion ol it with a drop of the copjier solution ; and te.st another portion 
hy healing with a little of the grajm sugar solution, or by acidifying and 
adding sulphuretted hydrogen.* If any exce.ss of either copper or sugar is 
louiid, tlie cxpieriment must bo repeated. The first experiment usually 
yields only an approximate result. In the second experiment add very 
nearly the whole of the required (piantity of sugar, and then proceed 
Ccautiously to the end, adding two drops at a time. , 

Tlie results are con.staut and very^ satisflictoiy. Bear in mind that the 
solution of sulphate *of copjier must alway^s remain strongly alkaline; 
should the sugar solution be acid, some more solution of soda must be 
added. 

Second Method. 

This requires the same solutions as the first. Transfer 20 c. c. of the 
solution of copper and 80 c. c. of water, or highly dilute solution of soda 

The addition of ferrocyanide of potassium to the acidified solution is a loss deli- 
cate mode of testing for excess of copper. 
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if required (or ta larger quantity of the copper solution diluted in like 
manner) to a porcelain dish ; add a measured quantity of the dilute 
sugar solution, but not sufEcient to reduce the whole of the oxide of copper 
and heat for about ten minutes on the water-bath. When the reduction i^ 
completed, wasli the precipitated suboxide of copper by decantation ^vlth 
boiling water. Pass the decjintcd fluids through a weighed Hltor, tlnti 
transfer the precipitate also to the filter, dry at 100°, and weigh. ()r 
determine the quantity of the suhoxide by SoiiWAitz’s metliod (§ 111), r/); 

or ignite tlio suboxide of copper, with access of air, and then convert it 
completely into oxide by treating with fuming nitric acid. 

100 parts of anhydrous grape sugar corrcs])ond to 220-5 oxide of 
copper,* or 108‘2 of .suboxidc of copper,| or 155*55 of iron (converted 
from the state of sesqiiichloridc to that of protochloride). 

In the application of this method, it must be borne in mind that tlio 
separated suboxidc of copper will, upon cooling of the supernatant Ihild, 
gradually redissolvc to oxide, under tlie influence of tlie oxygon of the 
atmosphere. Hence the necessity of wasliing the precipitate in tlie manner 
described. 

2. Modification of the preceding Methods, and Conversion of 
Cane Sugar, Starch, &c., into Grafe Suoar. 

a. The preceding methods may be a]) j died at once 1o tlie juke of 
grnpeit, apples^ i^c., after it has been properly diluted. The same upgllcs 
to the brewer’s ivorf, tlie filtrate from the distilh'r’s vxish, and also to dk- 
betic urine. The other substances contained in tlie said fluids generally 
exercise no perceptible action upon the solution of cojqier. However, if 
there is reason to apprelicnd such action, the fluid under examination ia 
mi.xed, in a measuring flask, with acetate of lead, until tlie foreign matters 
are precipitated; water is then added to the mark, the mixture allowed to 
deposit, filtered through a dry filter, and the filtrate employed for the ana- 
lysis (Fehling). If you want to determine the grape- or fruit-sugar in 
fermented Jfui(k with the greatest possililo accuracy, tliey must be suhjectfd 
tr) this processor purification, in order to the removal of' a certain body 
(glucic acidif), whicli would have a reducing action on the alkaline solution 
of copper. 

b. Vegetable juices of dark color must previously be clarified ; this is 

done by heating a measured quantity of the juice just to lioiling, and 
adding a few drops of milk of lime, wliicli usually produces a copious pre- 
cipitate (of albumen, coloring matter, lime salts, Ikc.); the fluid is then 
filtered througli animal charcoal, the precipitate thoronglily washed, and 
the wa.shings added to tlie filtrate, which is then diluted to 10, 15, oi 20 
, times its original bulk (Neurauer). . 

c. Cane sugar., and vegetable juices containing cane sugar (the juices o 
the .sugar cane, beetroot, majilc, t^c.), must first bo (jonverted into solution 
of grape sugar. This is efl'ceted by jirotractcd lieating witli dilute su 
phuric acid,, either in open vessels, or (comp, i/) in scaled glass tu 
Thus, for instance, to prepare beetroot juice, take 15 or 20 c. c. of the juice 

* Fehling, loc. cit., obtained, a.M highe.st rcHult, 219 -4 of oxide 

f Neubauer, loc. cit., found in his experiiiiont'4 with Htarch, that O'Oo ot c • _ 
correspond to 0*112 of suboxide of copper. As 90 of starch give 
0-05 of the former correspond to 0'05.'15 of the latter. Accordingly leu o y 
sugar gave actually 201*62 of suhoxide of copper, insttad of 198*2. 

X Graham, Hofmann, and Itodwood, Quart. Jouru. Chom. boc. o, '>• 
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clarified 3.>s (I irectofi in 5, add 12 drops of dilute sulphuric acid (1 part strong 
acid and 5 parts water), and boil the mixture from 1 to 2 hours, adding 
water as it evaporates * Neutralize the free acid by means of a dilute 
solntion of carbonate of soda, dilute to 10 or 20 times the original volume, 
and then proceed to the actual analysis. 

11)0 parts of grape sugar correspond to 95 parts of cane 

sugar Accordingly, it takes 0-0475 grin, cane sugar to de- 

compose 10 c. c. of the copper solution.f 
(I Starch and dextrin, or suhstajices containing either of these bodies, 
require similar treatment to cane sugar. In this case the action of the 
acid must be longer sustained, and the results are decidedly less accurate ; 
the formation of by-products being more difficult to avoid, and the danger 
being greater that the conversion into grape sugar will be incomplete. 
Tim conversion of the said substances into sugar is best effected in sealed 
tubes. Put into a strong glass tube about 0-5 grm. stiirch or dextrin and 
10 c. c. water (or 10 c. c. of a fluid containing about 0*5 grm. solid sub- 
stance), and 1-5 c. c. of a very dilute sulphuric acid (160 grm. strong 
acid in a litre). Seal the tube and fill two more tubes in the s<ime 
manner. Heat the tubes in a bath of saturated solution of common salt, 
one for three hours, the other two for six hours. When the first tube is 
cool, open it, saturate the free acid with .soda, dilute to 100 c. c., and pro- 
ceed to the examination. Treat the contents of one of the six hours’ 
tubes in the same manner. If the two results coincide, we have evidence 
that tlie whole of the stiirch or dextrin was converted into sugar in the 
first tube, but if the .second result is higher than the fir.st, heat the third 
tube three hours longer, and then examine its conteiits. Eitlier the first 
or the third result must correspond with the .second. 

The complete conversion of sUirch and dextrin into sugar may be effected 
also by .several hours’ dige.stion of the paste or solution (as the case may 
be) with a measured (piantity of inliision of malt at between (>0‘^ and 70°. 

A similar quantity of the infusion of malt is then .subjected to the same 
operation alone, and the sugar is determined in each product. The latter 
result being deducted from the llmmer, avc have the sugar required. 

100 parts of grape .sugar (Cj^lIjjOj.J correspond to 90 parts of .starch or 
dextrin (CjJIj^^Ojg) ; or 10 c. c. of the copper solution correspond to 
0'015 grrn. .starch or dextrin. 

e. Milk sugar reduces the copper .solution directly, but in a different 
proportion to grape .sugar ; for whilst 1 eq. of the latter reduces 10 eq. 
oxide of cojiper, 1 eq. milk sugar reduces only 7 or 8 eq. Milk .sugar must, 
therefore, before the ap])lication of the tost, first be converted into grape 
sugar, by boiling its solution for 1 hour with a little sulphuric acid. 

To determine the milk sugar in milk, the casein is removed at tlie 
boiling tem]>crature by means of acetic acid, and the whey cleared with ;i • 
little white of egg and filtered ; the liltrate is boiled with a little sul[)huric 
ftcid, then made up with water to 10 times the volume of the milk, and 
examined a.s above directed. 

* The oj)cration is best conducted in a steam bath. If the frisk is closed with a 
perforated cork furnished with a glass tube bent in an obtuse angle, which leads to a 
condenser turned upwards, the evaporateil w.iter flows back into the flask, 
t The results are not so very accurate, as the boiling with dilute acid always converts 
8o^e of the grape sugar into caramel. 

+ Keisebauer (l)ingl. polyt. Journ. 16.5, 4.54) thus converted the dextrin in extract 
0 beer into sugar. The three tubes gave 6'47, 6-80, and 6-67 sugar respectively. 
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[§ 251. 


B. Method based upon the Decomposition of Sugar by Alcoholic 
Fermentation.* 

§ 251 . 

In tills process tlie sugar is fermented, and its quantity is calculated from 
the amount of carbonic acid produced. 

1 . When a saccharine fluid is exposed, with ferment, or yeast, to tlie 
proper temperature, it suffers alcoholic fermentation. It was fonjarly 
supposed that the ensuing decomposition was represented by the equation, 

2Cira + 4 CO, 




12 li 11 


Anhydrous grapo 
sugar. 


Alcohol. 


Carbonic 

acid. 


In accordance with this assumption, 48-80 parts of carbonic acid uould' 
correspond to 100 parts jinhydrous grape sugar. But we now luiow tliat 
this assumption is incorrect, and that during alcoholic fornu'iitatiou a ^ 
variety of other products are formed from the elements of the sugar, morn 
especially glycerin, .succinic acid, cellulo.se and fat8,-|- to sjvy nothing of 
certain bodies of whose production we were previously aware, but which 
occur only in very .small quantities, vi/., amylio and butylie alcoliuls, ilc. 
Hence 100 parts of sugar do not produce 48-80 parts, of carbonic acid 

The total amount of the sevend by-products is by no means constant; 
it is therefore obvious that the pre.scnt method cannot lay daiin to al)so- 
lute accuracy. From the experiments of Pasteur (lor. it aitpcars 
that out of 100 parts of sugar only 94 to 95 parts are decomposed as in- 
dicated by the above equation, the remaining 5 to (1 parts being decom- 
posed into 3 - 2 — 3-0 glycerin, 0-0 — 0‘7 succinic acid, O'C (^'7 carhonic 
acid, and 1-2 — 1-5 celluIo.se, fit, and other undetermimnl products. Con- 
sequently we .shall not be materially in error if w(^ lay down that 17 parts 
of carbonic acid obtained l)y alcoliolic fermcnUition represent 100 parts of 
anhydrous grape sugar. 

2. To determine the carbonic aidd, I recommend the apparatus figured 
p. 301, modified as described in tlui Note, p. 302. II yon wi.sli 
inate the gas by the lo.ss, use a flask arranged like A, fig. 09, [n 21)7, hut 
connected with a U-tube filled with jinmice moistened with sul])]iuric acid, 
instead of with /?.J The quantity of the sulphuric acid should be so ad- 
justed that the curved part of the H-tube may be just clo.sed by tlieibnd. 
Tlie exit of the U-tul)e is clo.sed with a cork in whieli a very narrow tube 
fits, which is open at both ends. 

3. The experiment is made with a ((uantity of the saccharine lluid con- 
taining about 2 or 3 grm. anhydrous sugar. If much more is taken, the 

'* fermentation lasts too long ; if, on the other hand, much less is used— at 
least, when the method by tlie los.s is adopted —tlni results are iiiaovuialc, 
because the quantity of tlie carbonic acid evolved is too small. 

4. As regards the concentration of the lluid, the solution should contain 
about 4 or 5 parts of water to 1 part of sugar. More higldy dilute so u 
tioms must therefore be concentrated by evaporation on the water-bat i. 

* Compare Krocker, Bestimmung dea Stiirkmohlgelialtes in vegetabiliachen Nah- 
rungnmitteln, Annal. d. Cbeni. u, Pharm. 58, 212. _ 

•j* Pasteur, Comp. rend. 48, 1149 ; Journ. f. prakt. Chem, 85, 4 . 

^ Otherwiae the acid might recede. 
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5. Pour tlio sugar solution into tlie flask, a.1.1 a few drops of so]uti,)n of 
Mcid, niid^ a comparatively large Aveighed portion of waslied yeast 
(say ^0 gnu. of frosli, or a corresponding cpiaiitity of (Jerman yeast). As 
yeast generally evolves some carlxinic acid from its own constituents mi 
I..x|i(:Tiniont may be made at tlie same time witli yeast alone. 

(1. Wlien llie apparatus lias been arranged and tlie weiebing is ended 
put tlie llask and U-tnlie or the fermentation llask alone, as tl'ie case may lie' 
in a jilace where the temjierature remains tolerably constant at 2r> '. Fcr- 
„„ station soon sets in, and goes on briskly at first, but rdter a tin'ie more 
;„„1 more slowly. In about i or ,5 days, the process will be completed 
yow heat the Ihrmentution flask to 1 ()()", suck the remaining carbonic acid 
out of the apparatus, allow to cool and weigh. 

7. T1 it is intended to examine amylaceous substances in this way the 

starch in them is converted into grape sugar in the manner directed 
p. (i71, d; thellnid is tlum evaporated on the water-bath to the consistence 
of syrup, translerred to the flask A, and the freu^ sulphuric acid removed 
ly adding a higdily concentrafed solution of neutral tartrate of potassa in 
.sii'ilicieiit (piantity to Ibrm sulphate and hitartrate of potassa ; *• the fluid is 
thou suhjected to the process of formentation. In the examination of 
potatoos^ i;— -S grin, are used ; m that of tlie dilferent sorts of tloiir of the 
cereals, o gt’in. ^ 

8. It IS impossihle to determine grape siig.ur in j.reseiice of dextrin by 
tlio nid of this mc-thod, since tin- latter sulistaiice would l;e involved in tbe 
process, and would partially nnd(*rgo fermentation. ‘f’ 


TI. ni/IKUMIXATION OK TaNNIN. 

Amtieal exainmaf ionof the numenms methods that have been proposed 
with the aliovo object has recently Inoen mad.‘ in mv lal)ora1orv,i and 
shall desenho only those whicdi have shown themselves to Ix'.the most 
trustworthy. 

A. Lr.vvi.xTiiAifs Method. 

§ 252. 

Tins process is based on tlie oxidation of the tannin bv a solution of por- 
-inuanule ot potash or of ehloride of limo in i*resone‘e of a e^uisider ihle 
I .ohition of snlphindylate of p.tash. If the fluid is pro^rly 
dd t],. oxHlations are perfhetly normal, an.l if the indigo solution lii 
_ ' <'<l 111 sm h (piantity as to lavjniro ahont twico .us much of the oxidiz- 

i .Auutusthetannm.you maybe cp.ite sure that the last particle of tannin 
xid /e.l with the last tn.ee of indigo. The method is emsy and rapid, and 
■ _ ishutory results; it is tl.eretoro very Avell litt.-d Ibr industrial use. 

in m 1 • a|)plicabl(‘ to the estimation of the coloring matter 

c()(,uirieal, ° 

^‘hVy^//,s7Ve.S’. 

1"0” i)| 1 0 001 grm. of tlie pm-e ac'i.l dried at 

(aboiib', f '''''' '''I'.'P sol'd'ioii of the purest siilpliiiidvlale of potash in water 
' '“"t "0 gnu. ol ih,. pasty .salt ill 1 litre of water). 

’■equired. litmus paper affords a tolerably .tjafo guide as to the (juautity 


^ t Koi.schauer, Dingl. Polyt. Journ. !<]/;, 45 $. 
+ tomp. Tr. Uauhe, Zeitschrift f. anal. (Jliem. 3, 


122 . 
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U 251, 

A rather dilute solution of pcrnuinganato of jjotasli or a cle-ir 1 • 
ofelilurideoflinio.* ‘ ‘ 

Fir.st deterniiuo the relation between tlu' fluids. To this {>ii(l lait ' 
beaker 20 c. c. of the indigo solution, 1000 e. c. water and lo <■. (. h 
chloric acid (for chloride of lime) or dilute sul])hurie a(>id (fo/ 
inaugauate of potash), place the be.'iker in a whiU' porcelain soup 
and add the oxidizing agent, with coii.stant stirring, till the last trir,. , f 
gi'cen has given ])lace to a pure light jellow color (wIkmi l»erinaiioau;a'/j, 
used tliis has a slight tinge of red). 

The addition of lOOt) or at least of 500 c. c. water is indispi'nsalili. 
it the tlnid were less dilute, the oxidation would be abnormal, (Ik' surilli • 
the quantity of water ])re.sent the larger being the amount of oxidizin-r 
agent required. 

Now mix the indigo solution, acid and water as in the first (Wqicrinicnt 
add 20 c. c. of the .solution of tannin and then the oxidi/ing aLienl, wiih 
stirring, till the last green shade vanishes. From the <|iiaiilitv ef tlic 
oxidizing agent used, dediu't the amount corresjxmding to the indum solm 
tiou adiled ; the remaimha- is the quantity cornaspomliiig to o o^o nii,i 
tannic acid. 

Tlie oxidi/ing agent .should be of smdi .strength that about 10 c, 
be required for 20 c. c. of the standard tannin solution, in otlirr wm'ds, 
that loo e. c. m.ay repre.sent about -2 grm. tanniji ; and the indigo solm 
tiou .should be about e(juivalent to the oxidi/ing .solution. 

The (K'tunl itnahisis. 

do find the quantity of tannin in sumach, oak l)ark, or similar snhshiiiccs. 
proceed as follow.s : — 

Take 5 grm. snmaidi, or 20 grm. oak b.ark. boil .1 to J limir willi ahciit 
2 litre water, allow to cool, rimse the whole into a. litn* ll.ask. (ill up to ilic 
mark with water, shalop allow to .settle' and take out 50 c. c. ef the clear 
fluid with th(' pij)ette for ('ach ex]»erini(‘nt . Dilute thesi' with Iihkic, c. 
water, add 10 c. c. acid and 20 c. c. indigo .solution, and thi'ii the oxiih/iiiL! 
fluid as al)ove. 

Of catechu 2 grm. will suflice for the {)reparation of 1 litre of fluid. 

K.nniipJe. 

.Sup])Ose loo c. c. j)ermanganate correspond to 0-2 grnt. t;mnic acid, and 
20 c. c. indigo s<dution are decolori/t'd by 1 'J c. ('. jiermangan.ate ; .a grin, 
sumach aiaj l)oih!d as directed, and the decoction is made up to 1 hli'c. 
oO c. c. sumach solution t- 20 c. c. indigo solut imi i‘e(|uir(‘ c. r. g r- 
manganate. From tliesr* last deduct 10 c. c. (I’or the 20 c. c. indigo sulii- 
ti(jn), the remaimler 11, n'present the tannic; acid. Now 100 c- <’• 
respond to 0 2 grm. tannic, acid, therel<)re I 1 c. c. correspeiid t" 
0'022 grm. ddien l<»re 50 c. c. sumach solution contain ()•022 grm. lanian. 
thereti)re 1000 c. e. contain 0'75».‘i5» gi-ni. thejadin’e 5 grin, sumac li contain 
0’7-h‘55, tlien'fore the s])ecinien contains M ■()(!() jx.'r cent, tannin. 

'Idle re.sidt.s arc; more likc'ly to be too high than too low, siin'c' tlio 
oxidi/ing agent is not entirely without action on the other organic iiiatlci-' 
]n*(;.seiit in tlie (;xtract. It ajipears from (l.\mn;ks expc'riments {/or. e//.). hew- 
ever, that the error thus arising doe.s not exceed a few tenths td a pt i -ceiit. 

* The solution of the pennangan.-ite of potash is far inon; jionnaneiit than tint (d 
the chloride oflinie ; Imt, according to bowcnthal, thoctid of the rc.'utioti i.s nx'ic pe 
ciscly iiiarkiHl with the latter than with the former. 5’liu .solution of chloride of uiic 
iiiu.st by all lucaiiM be kept protected from the influcDce of light. 
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B. K. IIammkr’s Method* 

§ 

Ill Ciirerul hnnds tliis process gives excellent results; it is simple and 
equally suitiible ibr scientilic and technical purposes. Tlic prineijile is as 
follo^vs:— 

If the specific gravity of a lirpiid containing tannic acid witli other suit- 
stances ill solution is determined, and if the tannic acid is then remove*] 
—the fiuifJ not being otherwi.se altered Ity the process— and if finally the 
speeilic {gravity is redetermined; tlie loss of speciiic; gravity will be pro- 
portional to tlie percentage of tannic acid jtresent in the solution. We 
require for this process an exact table, showing the relation Vtetween tlie 
spccillc gravity of tannic acid solutions and the percentage of the acid. 

Requisites. — To dcti'rminc the specific gravity wc use cither a j»vcno- 
iiu'tcr ([). 5.5!)), or a fine hydrometer. The latter in.stnuneuit gives either 
specific gnivities iVom 0 to I-()j()l) or the ]>ercentages of tannin correspond- 
iii'j; to .such specific gravities in the ca.se of pure .solutions of tjuniin in ivater. 

To remove tlie tannic acid iVom its .solutions we u.se finely divided hide. 
A I'icco ])re])nred for tanning is Avell washed with watei*, stretched on a 
buanJ, dried at a gentle heat, ami converted into a coarse jiowder with a 
rough file. The powder is jire.stu’ved in a wt'll-clo.s<.'d bottle, -I paiUs of 
it aro snUicient to remove 1 ])art ol’ tannin from a Iluid. 5\’hen em[)lo\ ed, 
the reipiiri'd (piantity of hide filings is weighed a])proximateh', soaked in 
wat.ci', and well sipieezed with the hands in linen that the adlierimt water 
may not dilute the .solution, with Avhich the material is to lie brought in 
contact. If the hide filings thus prepared are shaken llir a short time with 
a siillicieiitly dilute .solution of tannin, the whole of* the latter Ixuly is 
removed ; long dige.stion is therelbre ipiite unnecessary, although not 
iiijiirioiis. 

The Ibllowing Table .shows the rel.uiion between sjiecific gravity and 
percentage for dilute Tifnuic Arid .•solutions. 


1 

•sp. gr. at l.r. 

Percentage 
of taiuiiii. 

i-ouoo 

0-0 

iMIOOI 

U1 

1 -OOGS 

0-2 

1-0012 

0-3 

1-G()|(j 

0-4 

1-0(J20 

0-5 

I'OUO.l 

00 

1-Gn28 

0-7 . 

l-GG;j2 

0-8 

1 •()0;u.; 

0-9 

l-0()4i) 

1-0 

1-GGI4 

1-1 

1-0048 

1-2 

1 •00.12 

1-3 

1 'GO.!!] 

1-4 

1-oouo 

1-5 

i-ooot 

1-a 


gr. at 1 ,1°. 

Percentage 
of tannin. 

romis ; 

1-7 

roo72 ; 

1-8 

1-007<) 

10 

1 -0080 

2-0 

1-OOS4 

2-1 

1 -0088 

2 '2 

] 0092 

2-3 

1 OOOO 

2-4 

1-0100 1 

2 a 

roio4 

2U) 

l-oios 

‘2-7 

1-0112 1 

2-8 

1-01 10 

2-9 

roi20 

3-0 

1-0124 

3-1 

1-0128 

3‘> 

1-0132 

j 3-3 


gr. at 15°. 

Percentage 
of tannin. 

1-0130 

3-4 

1-01 40 

3 -.5 

1-0144 

3'0 

1-0148 

3-7 

1 01,12 

3-8 

1 (ilaO 

3-9 

l-oloo 

4-0 

1-0104 

4-1 

1-0108 i 

4-2 

1-0172 ' 

4 3 

1-0170 I 

4-4 

1-0180 

4-5 

roi,s4 

4-0 

1-0188 

4-7 

1-0102 1 

4-8 

1-op.g; 

4 9 

1 0201 

5-0 


Journ, f. pnikt. Cliem. SI, 159. 
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Th(‘ Actual A nahfm . — Wo iimst first ol)t;rni tlio tannin to ho ostiiuati ,1 
in a oK'ar and not too dilute sohitioii. Barks and sneli like are first [ 
in a finely divided condition witli water, and tlicn eonipleti'ly r\]iaiist,.,i in 
a dispku'oment apparatus; inspissated vege(al>le juices arc ni1)l)( (I nji wiili 
water in a mortar, the mixture is strained through linen and the o siiln,. 
is well waslied. Asa rule 1 ])art of suhsfaneci (o;dv hark, siimarli, naH,. 
catechu, Ac.) would be exhausted witli Id to 12 jiarfs of Avafcr. Uimic, if 
you take 20 to dO gnu. suhstaiice, ^mu would olitaiu 200 to -‘loO gnii. snlu. 
tioM. The solution is made u[) to a (‘crtain weight — a round miinlipr of 
grammes — imiformly mixiMl and the specific gravity determined. Ifa hydro- 
iiu'tcr is used f‘or this purpose, the f’ollowing [>oiiits should he [)ald atteiiiioa 
to, vi.'^,, that theeyliudm- is dry, or rinsed with a portion of the fluid; fiat 
no air-l:»uhhles adherer to the float; and that while reading the eye is filaccd 
on a level with tlx* lower border of the meni.sciis ot the ilnid. 

Now wcigli otf in a tla.sk (dry or rinsed with the tliiid) sonieuliat iiioro 
of th(i tannin .solution than Avould he reepiircd for detcniiining flie spe-cifie 
gravity, add a certain rpiautity of hide fdiiigs, viz., 1 times tlie— It'we may 
say it — apparent amount of the tauniii pre.se-nt (calculated trciii tlu' sp. gr.j, 
finally eoi’k tin.' tlask and shake it liriskly f«)r sonn^ lime, ddii' hide filings 
and tlie fluid to lie preeijiitated need not he weighed acenralely, Ndw 
filter the solution freed from tannin through linen at oiieewith theeyliiider 
of tlie hydrometer or into the pycnometer, and redotermiuo tlie sjjeeiJlc 
gravity. 

The liydrometer may ho graduated .speei.'dly as a tannin nicfor: in that 
case the difference hctweeii the two readings represents at once the pcT- 
eei)t;ig(; of tannin in the examined fluid. If, on the ('(inlrarv, the 
instrument insed gives merely the specific gravity, add 1 to flic difltTcnro 
between the sp. gr.s. ; the pereeiitag*.' opposite this nimiln-r in tlictaMcis 
the penanitage of tannin in the Ilnid. 'fliis being known, a simple 
caleiilatidn avIII give ns the ah.solnle weight ol‘ taniiie aeid in the whole 
quantity of the solution, or in other words, in the (piantily of snhstance taken. 

Example. — O.ak hark taken lOgrin., .solution oht.ained fiOO gnm, s]>. gr. 
at 1.V‘, I'OOfxS; pure solution of tannin of this sp. gr. contains h7 per cent. 
2(fi) gnu. fluid Avere Aveighed off; this contains apparently gnu. lannic 
acid, Ave therefore a<ld IfMI grin, hide filings (after they Imve lurii 
macerated and s<pi(;e/-e<l). Idle sp. gr. of the filtered soliiticii was 
T()()GS-1 'OdlhJ t- I — 1 •dOMG, Avhich sp. gr. represents Jt percentage el d h 
Tlierefore add grm. of tlie .solution contain I'a grin. But these oOdgm. 
Averc prodiiecd from Id grm. oak hark, tlierefore Id grm. <>ak hark l enlaia 
\A) grm. tanuin. Therefore the oak l.iark contains l T2t) per cent, el 
tannin. 

C. ITu.soz’s Method.* 


Tills proces.s is excln.sively fitted for industrial use; it is sinijile .u'd is 

especially ’suitable for tlui simnlfatieons examination of various sjicunii iis 
of tanning materials, hut it makc-s no pretension to extreme 
it based on [)reci[)itating the tannin by protoehloride of tin niixce 
chloride of ammonium and measuring the [wecijiitate. 

We recpiire — 

1. A solution of pure tannic acid, containing 10 grm. in 1 Idrc. 

* Tniitd de rinipression des tissus, I. 282. 
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2. A solution of 8 gnn. crystallizod protochloridc of tin and 2 grin, 
chloride of aninioniiun in water, inade up to 1 litre. 

A number of similar eylinders with leet, bolding a little more tlian 
•2()() c. c. oacli. Tliey should be provided with a c. c. graduation through- 
out, but this is not essential. 

The analysis is jierformed as follows: — Put into caeli cylinder 100 e. e. 
of tlie tin solution, and then into the first cylinder, 100 c. c. of the tannic 
acid solution prepared as above directed, and into the sec'ond lOO c. c. of 
the a<|n(‘ons exta-act of a tanning material, thes(‘ 100 c. c, corrcsj)onding to 
1 <>riii. of the sul)stance to bt‘ i;xaminod. Shake both cylinders, allo\v t() 
stand 10 oi‘ 1- hours, read oil* the volumes of the precipitates and calculate 
therei'rom the fienuuitage of tannic aedd in the stdestance. 

Sii|)pose, lor instance, the preci[)itato measures 162 c, c, in tlu! caseof tbe 
pure tannic acid solution and SO c. c. in the case of a catechu solution 
(])rL'pared as previously directed) ; we have 

162 : 80:; 1 : a: a; -0-404, 

i.c., the r|uantity of substance em|doycd (1 grm.) contains 0-404 tannic acid. 
The catechu therefore contains 40-1 per cent, of tannin. 

If you are working witli j)lain cylinders, gum a slij) of pa])er on the out- 
bde of each, and mak(' marks showing the heights of the res[)ective pre- 
ci|>itatcs. ^\dlen the cylindm-s have lieen emptied, measure how much tliey 
hold up to the marks with a burette. 

(b\i;iiK cif.) says that the ])ro(‘ess should be so conducted that the 

volumes of tlie precijiitates may not dill'er much from one another. 

liisLKii-lhu/XA'i'* lias ap|)li(Ml tlu‘ saim^ j)riiici])le to tlu' graviuH'trie 
detcriiiination of tannic acid, (.'olleet, tin* precipitate ol’ ])rototannat(' ol tin 
oil a weighed fillei', wash, drv at I ( H ) ', Aveigh, ignite, oxidi/i* tin* precipitate 
tvitli nitrate of ammonia, Wi'igh the Idnoxide of tin obtaineif, calculate 
til ore from tin* corri'sponding amount of protoxide, and deduct this irom the 
^veigllt of the dried pi'ecipilate ; the remainder rejire.sents the tannic acid. 

The results ai-e sat isliictorv. As no prr'jtaral ions are re<|uin'd, this 
gravimetric method may be found usid'ul in places where a tannin deter- 
iniiiatioii is ol'rare occurrence. 


Zfitsclirift f. uiial. Chcni. 2, 2S7. 



HI. ANALYSIS OF THE ASHES OF PLANTS.* 


§ 255. 

Tin; modern rosearclic.s in a;^a*iciiltural dieinistiy liave fully estulilislii.i 
tlie (;iet, tliat each plant re<{uires for it.s developmenl, eertuin iiiore^'iiiir 
constituents; the discovery of this Diet has created a very iiatiiial doiiv 
to ascertain Avhat inorganic, constitiuaits are i’es|)ective!y iudispcnsaMc jur 
tlio several ])!ants, an<l more ]>articnlarly l()r tlie cultivated planls, and also 
for weeds, since the knowledge of the constituents of tlu'si' latler i^ivcs 
ns an insight into the constituents ol' th<‘ soil. This knowledm' it was 
endeavonal to attain by the analysis of the ashes remaining iiiioji the coiu- 
Imstion either of the entire planls or ot‘ jtarticiilar parts of them (tlie srols 
for instance). And, although it is a settled j»oint that jaa lla tly ar( urate 
results cannot be so obtained, since the ashes ol‘ a j)lant do net (jiiilu ti'uly 
rc])rt‘sent the snmol’the inorganic constituents contaiiK'd in il. slid, jiiiuiigr 
aside a lew expei'iincnts mad(' in this direct ion, I we know as yet no Ih Iui' 
means of attaining the end in view, and at all (‘vents no othei- means a|i[)]i- 

* As the analysis of tin* ashes of aniiii;d .sul)st:oices is rarely main lakeii for ttrli- 
nieal purposes, 1 liave oinittuil in the text a detailed description of il ; 1 will here 
only remaik, that the same processes wliieh are ij,iven in the text tor the iia'ineratioii 
of plants and the annlysi.s of the ashes \sill e(jually serve for ardinal siilist;uires. Null- 
stimets which fuse are tirst healed, ace<.rding to II. IJost;, in a platiiniiii dish, with 
Stirling, until they have lost their llnidity, and the organie matter is iie.trlv deslioycd. 
The nearly carhoiii/ed residue is transferr' d to a [datinum or coiimum eliiy crucildt;, 
\^llieh i.s lieated to ilull redness with the lid on. The charcoal ohtaiiicd is Imiiit willi 
spongy jdatinnm. Streeker’s method of inciiieraiion, which is given [). 1, is 

al.so well adapted for animal .4ul)stances. .Aoeonling to Si.ater ((.'hem. ('U/. 
the mo.st practical way of elleeling tlie ineiiuu'ation of animal snhstanees, is to mix 
arid ignite them with pure, dry, finely pidveri/.ed hiiioxide of Itariuin. In has paiur 
on tlie snhjeet (Anna), d. (’hem. u. I'harm. 7'h Sirecki'r (rails atteiilicii to llie 

fact that tlie ashe.s of animal sul)stanee.s (tfu-n contain no incoii.sideialde umimity ot 
eyaiiates. I'he.se sails are destroyed most readily hy moistening thra>his with water, 
and then heatin.g gradually to rednc.ss ; one moistening usually snlliees tn eonvert llic 
eyaiiates into caiTonate.s. On IIh; .suhject of the analysis of the asli id' animal suh- 
stances, compare al.so T’, N’erdeil’s j»aper on the amdysis of the ash ed the Iduod el 
man and several animals (Annal. d. Cheiii. n. rhanii. •»!>, M* ; I’liaitn. (eiilralhl. 
184!h lies ; Liebig and K((|)p’s Jahresher. 18 ]!•, uhtt) ; and h r. Kt llei ’s pap' r on llif! 
asli of flesh and broth (.Annal. d. ('hem. u, I’harm. 7(', hi ; Pharm. Ceiiiialld. iSih, 
581; Jjiebig and Kopp’s .lahresber. iSltl, S'Jh). 

*■ t Caillat .state.s that, l>y treating herliaeeon.s plants (clover, hicern, sainfoin) u itli dlliiU 
nitric acid, he Hucceedcsi in removing the inorganic eoiistilin.'iils so fully that fa 
readily eomhu.stihle residuary mass from 10 gnu. of veget.lble left upem iia iner.itmn 
only 18 to 22 mgrm. of ash, consisting of silicic acid and sestpiioxlde ol inm. 
state.s, moreover, that this treitment of the plant give.s a lariter (jiiaiility td iiioigaim 
Constituents, ftiore particularly of sulphuric acid, than is obtained by tlie ineineiatniii 
of the plant (t'ompt. Kend. xxix. 187; l/ieldg ami Kopp’s dalire.sher. 1810, od j- 
— Iv’ivot, Leudant, and Daguiii (Comj»t. Pend. 1858, 885; Jourii. 1. prakt. 

01, 18.7; jiropose to destroy the organic matters by treating with solution of potass.i- 
and conducting chlorine into tlie mixture. Here also the experiments of W ■ 
may l)e alluded to. This chemist eiideavorod to determine the mineral 
reipiired for the nourishment of plants, hy allowing plants to vegetate in 
containing known (juaiitities of inorganic bodies, and ,sub.se(iuently estimating 
quantities of the latter remaining in solution. 
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c'i1)lc to the analysis of all vegcUiblc matters. The analysis of the ashes ot 
iliuits will therefore cuiitinm;, at least fur some time to come, a highly 
iniportaiit and interesting branch of analytical chemistry; nay, we may 
^•ilMy |irosume that this mode of estimating the inorganic; (;onstitiients of 
Juiits will never be abandoned by the agriculturist, since the results which 
(fives are sulliciently accurate Ibr the purposes of agriculture, though not 
Ibbliose or physiology. , 

The aslies of jilants containing, according to the researches hitherto 
made, only a limited number of acids and bases, certain widely applicaVile 
mc'tliods for their analysis have been devised. As these methods ]»resent 
many ])eculiarities, and are freipiently employed, 1 Asdll here describe tliose 
Avlileli apiiear to me the sinijdest and the best adapited lor the ])ur[)Ose. A 
('I'ificai discussion of the numerous and essentially dilh‘r<;nt methods pro- 
posed would of course be out of place in tlie present work. 

The following are the sul.istances generally Ibund in larger quantities 
in the ashes of plants : — 
bV/srs. 

Tulassa, soda, lime, scscpiioxide of iron, protosesquioxide of manganese. 
.^bvV/.q (j-c. 

Silicic acid, [diosjdioric acid, sulphuric acid, carbonic; acid, chlorine. 
l)csidc‘s these, we frcnpiently line! lilhia, rubidia, strontia, liaryta, oxide ol 
(‘oppiT, lliiorine, occasionally alumina (< .//., in the ashes ol' (he lycopodiaceie, 
in comparatively large: ju-oporl ion), iocline, l)romine, cy.anides and cyanatc;s 
(oiilv in the' ashes of bodic-s abounding in nitrogen), boiacnc acid, sid[diides, 
mid slight traces of oxide of /inc’, or of othc*r oxides of hc-avy metals. 

Most of these subslances were uncpu'stionably origin.al constituents of 
tlm plants; as regards .some' others, il. is uncertain whether they were 
('I’minallv pr«*s<'n1 in the; ve'gt't.'d de, oi* wlietliC'i’ the'y ow'ce their formation to 
tlic jn'oeess of incineration ; and, lastly, some ol them e;e‘rtainl\; ejwe their 
origin ontirt'ly to that process, d’hiis the; suljdiates and, exceptionally, evc'ii 
llic emi’l M mate's, may have bc'e'u originid <‘oustituents ot the jilant ; but thegy 
ni!i\' also ha\’e been t’ornu'd, in tin; pr(.)ees.s ol incineration, by the' destruc- 
tion ui‘ salts with oigmnic acids, and in the Ibrnu'r ca.^e by tlie combustion 
ol die siilpliiir which every plant e'ontains in the unei\idl/.ed state' ; thus the 
iiietallie' sulphide's are i’orined by the; action e>l the charceial upon sulphate's 
ill tluj ahseiic;; of a sidlii'iciit sup[dy of air ; — thus the metallic cyanides 
owe' tlu'ir len niat lem to the eiree;t of lie'at iqxm uitregeiious eliarcoal in eon- 
l;u't with alkaline carbonates; and the* cyaiiates te) the o.\idatie)n ol the 
iiiL'Iallie evanide's, Ac. 

hVoin the varle'ty of tlie'se sc'Ve'ral inoronnic substanees, and the circum- 
^taiu'e that some of them are usually present in ve-ry minute' epiaiititic'S only, 
it is l,y no nieaiis ;in e'.'isv task to de\ Im* universally ap}die;able methoels ;* 
iiioi'e fsiieeially as it vs always a grc'at ele'sidcraliini tei unite accurae'y Avith 
despatch. ^ ^ . 

^fhe' analysis of the ashes of j>lauts is propc'idy divided into four parts, 
viz. : — 

1. The j)reparatle)n of the ash ; 

The analysis of the' ash ; 
d. ddn; calculation and slatemcnt ol the re'sults ; 

h ddie calcnlatie)!) of the perew'iitages in which the several eonstituents 
t'l' the ash are present iu the plant or part of a plant Avhich has furnished 
them, 
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§ 251 ;. 

Jn the preparation of an ash the following conclitioiis must he had 
to . — 

1. The plant or j>art of a phint to l)e incincrattjd, must lie Jrec Irojn dl 
adhering iinpnrities. 

2. The ash nnist he as frt'c as possible from niibiinil matters. 

•h No essei\lial eonstitueiits must he lost hy the proec'ss of ineliK-raii,,!, 

To satisfy the //Vs/ eonditioii, the plants or jtarts of jdaiits inleiKlc] |;,j. 
incineration must he earefnllj' seh'cted and eleam'd. It is not always 
])raetiealde to ruh or hrnsh away sand or elay, more esjudally (iviia 
small seeds. If. Hose gives the lollowing directions Ihr eiianina’ llic 
latter : — 

Treat th(‘ se(‘ds, in a beaker, with :\ inoderati* (piantity of distilled water, 
stir a few m(»nienls with a glass rod, and then place on a sie\'e, siillieieiuly 
coarse to tdlow the lim' sand to pass tliroiigh, whilst, retaining the seedl 
IvCpeat tliis o]»eration several times, 1ml take care never to leavi' the seeds 
long in eontaet with water; otlierwise soluble salts niiglit l)e extraeted 
I'roni them. Finally, place the si-eds on a linen cloth, and riih hetweeii its 
folds, which will nmiovo the still adhcidng line saml ; dry them, to he ready 
tor the jM’oeessol' incineration wlnm retjuired. Seeds elcaneel in this inaiiiier 
are almost ])(“rfeetly free i’re)in f(»reign matters. 

For thf' fiillihnent of the and (liii-il eomlitions, the ])riii( iii.'il jioim 

to be looked to is th;it tin* ineineral ion must be eirected at the Jmvest jais- 
sihh; temperature {a dull red heat.), and with an ado(|iial(‘. hut nut luu 
plentiful, sn]»|)ly of air. Too strong a draught is apt to eai'ry awav parliclt:' 
of the ash, whilst, on the other hand, with too fe( ])!(.' a draught, the ojieiatimi 
la.sts too h>ng, and Jiieilities are alloialcd for proe<‘ssc.'S of rediietioii. The 
application of an over-intense heat will cause the fusion of llie metallic, 
cldorides ami the )dn)sphat<'s of the alkali<‘s, which, eiividoping (he eai'hdn, 
will very greatly inipedc* its comlmstioii ; besidos, e\co,<sive lu at may came 
the metallic chlorides to volatili/c*; nay, even phosphoric acid may hi* h>st 
in this way, since, as I‘h:i)M.\NN has shown, acid ])!io.'^j)hatcs of llm alkalies, 
when ignited with ctirbon, are eonverL/d into neutral sa!l>, with I'edmtinii 
and volatilization of j>art of the jiln^sphoriis. Ihit, Avhil.'t lo>s nl im tallic 
chlorides and jjhosjdioric ;tcid Jiiay lx* elfectually giia/aled against hy 
jU'operlv regulating the heat and the acce.ss of air, and, il need l/e, hy 
mixing bai-yta or lime with the sulistanee inti'inkal for incineration, less (d 
carbonic iicid cannot be avoided. Tlu; estimation of the caiHoiiic acid in 
the a.sh will, therefon*, never enabh* ns to draw any reliable inlereime as lu 
* the con.stitnents of the incinerated vogctahle. It was llnanerly thought that 
the presence of carbonates in the ash of a [dant eoulaining no carhonalis, 
might be regardml a.s a proof of (he presence of salts with organic acids m 
the jdaiit it.sidl’; liowever, even this assninjition has heeii shown to he 
erroneous, s'nce alkaline earhoiiates jiiay (lasily he 1‘ormed hy the action ol 
alkaline nitrates n]><>n charcoal; and, moreover, as S'IUKCki u lias sIioami, 
alkaline carhonates are formed, together with alkaline p 3 ropho.s])liatc.S ''‘'cn 
tribasic alkaline jdio.sphates are ignited Avith a large e.xcess ol sugar, oi i i<- 
charcoal of the latter. On the other hand, alk.aline jiy roidiosjdialcs niu 
converted into tribasic phos])hates when strongly ignited in conjuimtnm 
Avith alkaline carbonates. With these lads lielore us, Ave can it.id) 
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iiii(l(Tstiin<l liow tlu' (IctcctioM of frilcislc and l)il)asi(: pliospliates in an asli 
luav also dopond iijioii tlio inanner of* inciiiorafion. 

But least of all will tlio cslimation of tluj sul])lnirlc acid in tlio asli of a 
plant enable ns to jiidp-e of the coiistitiioiits ju-esoiit, evon if tin; iiiciiieration 
is effected witb addition of an albalinn earfli. For j)lanls eonlalii, in tlie 
first place, suljdiuric acid in form of sidpliates, and, in iIkj .second ])lace, 
sulplnu’ in or;panic combinatioiiH, es])ecially in tlio albiiniinons bodies. 
A correct proce.ss of iiH'ineral ion will, ind(M‘<l, iriyc tlic whole of ibe snl- 
pliates iiresent; but most (‘erlalnly, in many cases, inereas(Ml by other 
.sii]|)liat(.‘S formed in the ])rocess. ddiis mucli, liowmcr, is j)ositi\'c, tliat 
the (juaiitity of snlpbnrii; a<‘id found in flic ash of a i)Iant will never servo 
to (h?termine, ovoii approximately, tlie amount of .sulphni- contained in the 
plant.* 

1 will now proceed to desci’il)e tln^ .several mctliods of incinerat ieni. 

1. Jiici/tcfatioN in fin' MnlJIc. 

This methofl, wliicli was first recommended l)y Ki:r>.MANX,‘|’ and after- 
wards by SruKCKKi;.^ and wliiidi is at ]»resent in use in most laboratories, 
has almost entiivly snpers(>dcd the old way of burning ve--et;d>le sul,)stances 
in Hessian crucibles jdaced in an ol)li(pic position. 

flic mullles 'which 1 enij)loy are made of the mateidal of Hessian cru- 
cililes; they ari; in internal measurement 2b cm. det'p, 17 cm. broad, 12 
cm. liiLtli. I hey ar(‘ jda('(‘d in furnaces; the\' have nn edueti(»n-pip(*, 
and are loosely cdosed in front with a perfbrattal door. Tlie eii-culation of air 
thus cri-atml is (piile snflieient f'or the' (“oinbustion of the charred subsianee. 

a. The substance which it is intendiMl to incinerate (about lOb onn.) is 
dried at. Ibb or lib . Sncculeiit roots and ilc'^hv fruits are ent in slices 
and laid on class ]dates. I he <lried substance is Wi.’iula.'d, and then jait 
into a shallow jdatinnm or j»orc»dain capsule, or, b-uter still, into a shallow 
platimun or jiorcidaiu dish, fitting exactly in the mnflle ; the dish or ca])- 
iSiilc is introduced into the latter, which is then yi'aduallv heated. \\'lum 
the ewolution of (‘mjwreumat ic products ceases, the heat i.sa little increased, 
Imt not beyond a very (iiint redne.ss not visible in davliylit. At this tem- 
Jx.i.it 111 (', \\hich is not sufiicieni l\' hich to fuse either (diloride of sodinni or 
pyrophosphate! of soda, the carbon liurns with feeble incandescence, and 
H hours snflice to |>rodnce a (juantity of* ash free from cai bon, snflicimit 
for the purposes of analysis. Substances to whicdi this mode of incinera- 
tmn IS unsiiitcd, are charred first, at a -entle ivd heat, in a lar^e covered 
patiiniiii or lle.ssian crucible, and the charred mass is sul).'^e([uentA’ inci- 
nerated in the muflle. As a general rule, the ojierator had alway s better 
P" nun from sf iri'ing the mass in jirogri’ss of incineration, since this would 
feiid to diminish its porosity. According to StUKCKKi:, no chloride of sodium ^ 
'omtilizes in this proc(‘ss of* incineration. 

flm ash obtaiiu'd is. .weighed, reduced to ]u)wder, properly mixed, and 
ill a Avell-stoppiercd liottle. 

Vegetable substances whoso ash abounds in alk.ali s.a1t^;, espi'cially 
c ‘ oride.s, and is con.sixpiently readily fusible, are generally charred in a 
fbieihle at the lowe.st possililo temjteraturo, and fhmi tiaxited with water 
tiiitil the ludncipal jiortion of the soluble silts is extracted, the residue 
’•-niig drit'd, ami finally incinerated in the mnfllm d'he ash is weighed, 
the Holiition diluted to the exact jioint to give just as many tenth, half, 

('omp. Mayor, Annal. d. ('hem. u. riuuni. 101, pp. HP) and l.''i4. 

T Arnial. d. Chein. u. I’harm, 54 , ^ Ibid. 7o, 36(3. 
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or Avliole ciil)ic eontimetros of fluid as llioro arc milligranirnos ofnsli ol'di^ 
insoluble portion. In llio analysis the weiglie<l quantities of tlic asli uvc' iIk h 
severally mixed with a corresponding number of cubic centini(‘tres of the 
solution. I have frequently employed this method with great siir(:ess.'<= 
ascertain the total amount of the ash, a measured ])Orl ion of tlic solution 
evaporated to dryness, weigln.*d, the part calculated with rereiaaice to tlio 
wliole, and the njsult (rejj)resenting the resi<lue Avhieh the eiitiro solution 
Avould leave Tq)on evaporation) added to the weight of the ash of the 
insoluble portion. 

2. ] iH'liieration in tin' Dish-, U'll/t the (inl of on Avtijicuil Cnircnt o/ Ju 
(F. Scnei.zKt). 

Char tlie organic substance, dried at KHF, and weighed, in a cnici])](>. at 
ti gentle red heat, and liansler tin* charred mass to a shallow] laliiiinii disli; 
jmt a triangle ot‘j)latinum wire across the disli, and j)lace on tlic t rianglc' a 
conimon lamp chimney (or a sutliciently wide neck ol a retort). \oiiii)ar 
su])port the chimney 1)V means of a retort holder. Heat over gas or ovir 
a spirit lanq). 'Jdie increasc<1 current of aireause<l by tlie cliiiuiH'y (vliich 
may l)e regulated )>v taking a longer or shorter one, and ]>laciug it liiglior 
or lowi'r) .suiliees to eilect the comph.-te incineration, ev(‘n ot tlic ccn al grains, 
at a surprisingly low temperat ure. J Wlicn the incineration is cuinjilclol, 
weigli the ash, and jiroceed as in 1. 

d. L/finernfiiin U'ith the nitl <>/ on Artijieio! Current (J .1 u’ (lll.ASlWrTzJj). 

This method requires a silver, platinum, or jioreelain tubeol thehiniioi 
a tobacco pipe. J*’or diilieullly comlius(il>h' charcoal it should lie cyliiidri- 
cal, 7 inches long, 1 .( inch wide, and with the louau' end tapering to a point. 
A {datinum jdate with tl—.S small pierli>r.at ions jU'cN'ents (diarcoal or ;tsh(.'s 
tailing out. For readily coinlmstible charcoal a conical or (■riicihlo-lilu; 
sliajK' is given to th(‘ tid»e. it is titled air-tight into one liihultire ol ;i 
two-neeke*d ‘W’ooi.t J 's bottle, which is connected in the usual way willi a 
.second and third, and the laltiu' with a very Large aspir.alor (a hanid). 
The sei'oiid l)ottle and the third are not (juit<‘ hall lillcd with waloi'. H 
AV.atcr is .allowed to tlow from the bariad by opiaiing the cock, aii’ ru>lK‘s m 
through the ]»ipe, and passes tliroiigh the water in the second and lima 
bottles. d'li(‘ ]»roee.ss is ramducted as fdlows; — Char the propeil}' coinini- 
nute<l organic .sul)stance in a poiaa.dain crucible with the lid oii. As s(jcii 
as the gases cca.se to ])Uiai, j)roject the liaddy incaiulcsceiit charcoal tliroiig i 
a liuinel into tin* ]»i])e, and .at once o])cn the iaxd'. ol the .asjiir.aior a li" o 
Adjust th(! cock so as to insure ja-oper combustion at a moderate tciiip<‘ia 
lure, .Stir the mass occasionally together into a lic.aji by iiu'aiis ei 
jdatinum wire. I bait tin; .ash (in.ally (<»r a short time in a plaliiinin dim- 

• to insure the c-ombu.st ion of tlic. Last remaining p.aiaiclcs <*1 (diarcoal. " 
the w.ator of the A\'oi I.l l ’s bottles traces of fixed salts are toiind, j''? 
ticularly ol’ metallic iddorides ; also carlionic acid" and aininoni-'i- * ^ 
fixed salts tire present in ponderabh; (puintity, tiny must be delcrniim m 

4. Irieinerotion In the Jlnjj/e. inth tnlditnm of y/uc//^/ (Si in.( M i'll)- 

* Dry the organic .•^ulestance tit lOtC, tuid cliar it sliglitly, in a I"*' 
platinum di.sh, ovia- tlie lamp. Aluisten tlie cluirred ma.ss ^Yilh .i eeiie<-i 


* .Tourn. f. |)rakt. Cliern. 7th S-'i. t t ■oiniinuiicatod to nio ') 

I !•'. ScLiil/.c oiindoy.s this iiiolliod also for thu inciiieriitiun ot HIui.h , 1 

tli(^ la uciLle with ttio tiller ill the di.sli. 

il Aiiiial. li. Chein. u. I'hariu. 07; 244. H ^buk 7 , ' 



ANALYSIS OF THE ASHES OF PLANTS. 


683 


§ 257.] 

tratcd solution of [Hire, hydrate of haryta in sufficient (juantity to leave, after 
the incineration of the mass, a mixture of* about equal parts by weight of 
;i^h and baryta. Dry the moistened mass again, and then burn it in the 
niullle at the lowest i)ossible temperature. The ash is kept from fusion by 
tlio haryta ; it remains bulky and loose, and thus permits a complete com- 
bustion of the carbon. 

The residue must still contain a considerable excess of carbonate of 
liinyta. T1 this is not tlui (‘.ase, there is reason to apprehend a loss of sul- 
])hiir or phosphorus, and it is tberefore in th.at case advisjible to incinerate 
a fresh |)ortioii of the vegetable sul)stance with a larger addition of baryta 
than was ])reviously made. 

llcducG the incinerated residue to a fine powder, and mix intimately. 

a. Inciiicnffivfh u'ilh (he niil of Spofif/f/ Platlnuin (11, Kosk). 

Char about IbO grm. of the substance dried at 100°, in a jdatinum or 
clay (‘rucil)[e, at a dull red heat; reduc<.* tin; chain'd mass to a line powder 
ilia [jorcclaiii mortar; mix it most intimaOdy with 2t) — oO grm. spongy 
]ilatiniim; transfer tin* mixture in p«)rtions to a .shalhjw thin platinum dish, 
and heat over a lamji with doubh; draught. After a short time, and liefore 
the inixtun; is in a state of ignition, every particle of carbon begins to 
gliiinncr, and a gray layer sjM.'cdily covers tlie surlitce of the lilack mixture, 
by diligent and cautious stirring with a little jdatinum sjtatula, the surface 
is rcnewi'd and the combustion jiroinoted. As long as the mass contains 
iiiiconsnnied ciirboii, glimmering is observed ; but when the carbon is 
(■ntircly burnt, all visible; incandescence (‘(*ases, even though a stronger 
heat he a])plied. hen tin; inciiM'ration is comj^leted, mix the mass 
niiil()riiily, diw thoroughly. an<l weigh, lleduct ifom the weight that of 
the platinum .•iddcd ; tin* dilVcrcnce exp>resses the weight of the ash.* 


II. Analysis ok tiii: Ash, 


§ 2h7. 

bfloi’e proceeding 1 have to remark that the methods of incineration, 1 
■iiid 2, when ])roperIv (‘xccutctl, tullv answi'r the ^)urp('^e in almost all cases. 

I have deemed this <d)servation necessary to exjdain why the aiialvtical 
]ir(K*ess which 1 am now on tlu' ])oint of describing la-fers excinsiveh' to 
■‘dies \vhi(di contain no »*xtran(’ous admixture cit'harvta or platinum. The 
'a()(lifi(';i( i()]|s ^vhich this jn’oeess mav rocpiire in cases wlieia* the iiicinera- 
tioji has hcen ellecti’d I)\- method 1 or 0, are oidy trilling, and siicli as will 
tvadily suggest them.selves. 

According to their princi])al constituents, the ashes of j»Iants m.ay be 
classed nndei- tin* following heads; — 

Ashes in which c<//7;/>//u/c.s of tin' all'dlu.'i (UkI alL'ohnc ((irflis 
deiiiinate ; c.y., the ;ishes of woods, of herbaceous pl.'ints, v\i c. 

fo Ashes in which jiJo)si>}i(i1( s of tin o/id oUdhnv cort/ts jare- 

^eininate; to this cla.ss belong the ashes of nearly all kinds of.s(M‘ds. 

Ashes in Avhit‘h .■'//fc/c ai id j»r<*dominates ; c.y., tho.se of the stalks of 

^ le grainiiiMceag of the etpiisetacea*, vtce. 

course this classilic.ation cannot he strictly maintained; it will, how- 
f )(3 fomnj very convenient for our jire.sent jtur|)ose. 

(T- 1 inciiu'ratien with jnlilitinn of .sesqiiioxitlo of iron, comp. Oragor 

lly) I'^'^PP ami W ill, iSotf Ot.KJ) and Al. Miiller tJouni. f. prakt. Chtin. 


|)re- 
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[§ 25S. 


a. Qtialifafur. Amtljjsis. 

As the constitnoiits are known Avliioli are usually foniKl in the aslics of 
all plants, a eoin])lcte qualitative analysis would, as a general ml,. ]„, 
superlluons. A lew preliminary oNperiinents suiliee to aseerlain die pr,. 
senee or al)scnce of the more rarely oeenrring eonstitnents, and also, 
particularly, to lix the class to which (he ash l)eloiigs. These exjieriiiinit^ 
are as follows : — 

1. The (ish Is heated irlth eoneentrated h//droehloj-lc ncid, to sre irhdlur 
It Is caiiij)/eteli/ deeinitposal (herchi/ or not. li' the ash strongly elU rv esc s 
when treated witli the acid, this may^ lie taken as a proof of ils deceuijiosi- 
tion hythat agent. The aslies <jflhe stalks ol'graminaeeii',iV c.,Av)iieli ahoniuj 
ill silicdc acid, are nsnally the only kind that resists complete deeoniiKjsitiea 
by liydrochloric acid. 

2. If the hydro(‘hloric acid solution of an asli is, after se]»;nadiiii of tli,. 
silicic acid and removal of the grcatci- jiart of the j’rce acid, mixed witli an 
alkaline ac(‘tate, or ncntralized with ammonia and iii'e acetie acid adilrd, a 
gelatinous yellowisli -wliite pia'cijiitate of jdiosphate of s('S(jnioxi(le of iron 
will almost invariably separate. Now, it is necessary to asemtain ti'iiitlur 
the ash vontidns ani/ j>ho>j)horlc dcld besides that in this in'eeijtltnlt . For 
this pnrposi' the jirccipitate in (piestion is filtcnnl ntf, and aninionia in cxccvs 
added to the tlltratc; if this fails to pjodiice a j)reci])ilat(‘, or if tlie preci- 
pitate lornied is r<‘d, and consists accordingly of lodrated ses(jiiiuNido of 
iron, this is a j»roof that the ash contains no mma- phosphoric a<‘id ; Init if. 
on the contrary, a white jirecipitate is formed {phosphate of liiio' and plios- 
])hate of magnesia and aninumia), this is a j.ositi\c proof th.at the asli roii- 
tains more phosjthoric acid than tin* scs(jnio\ide ol' iron jireseiit can coiiihinc 
with, an<l must coiiseqncnl ly be classed iimler the second head, 

d. The ash is testeil far n/an;fant se, l>y mixing a small portion with c,n- 
bonate of^soda, ami exposing the mixture on phitiimm foil to the eiiicf 
ilaine of the blowpipe.’^ 

•1. Tlic ash is tested for iifhia, rnbidia, strontia^ //ar/ffa, oxide oj eejijee. 
alumina, iodine, bromine, jlnoriiae, mu] the restof I he ab(»\ e-named snhsUiiio >, 
which oceasion.aliy occur in very small (piaiitities, jnovided it i.s do, 'iial)k 
to a.sccrtain whether traces (d'them are jiresenl.j' 


b. (Inaiitltatiee A nalipis. 

a. Ashes in irhnh the ( darbonates of the Alkalies or Alhillne Knrlhsper- 
donanatej and in irhieh the n'lnde of the Phosphorn: Ai'id imaj be tiesiimul 
to be t'lanbined inth t^es(inlo.etde of Iron. 

§ 2.)<S. 

• The determinations are made witli two portions, which we will call A 
and B. 

In B we ileterniine the carbonic acid| aii?l the chlorine. 

In A the remaining constituents. 


1. Di:tki:minatiox ok tiik Silicic Acid, Ciiaiicoal, and Saxp- 
Treat 1 or h grin, of the ash in a porcelain dish, with water, and add 

* Conip, the (Qualitative AiialysiH, p. 102. t Had. p. 

X The e,‘(tirtiation ot the carhfinic acid, tli<iugh, as wc liave RC(!n above (p. b n ’’ 
no great value in itself, is yet ncce8.sary to coiu])lete the analysis, aiul thua to au[>p > 
a certain control. 
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(rradtuilly liydrocliloric acid. If’ the asli ahoinuhs in car])()iiatr!8!, cover tlie 
Jisli with ail iiivcfted rmniel, iiisci-t a. i^iiiall liimiel into tlie neck of tli(3 
latter, nnd add tlic a,cid throngli tliin. liy tlii.s arran^^einent all possible 
loss (Voni sf)irtiii<? is ])revente(l. As soon as the carlionic acid has been 
(\K|)c!led, rinse the liininds into the dish; then ap])ly a gentle heat until no 
iiioro nndecomposed ash is visible, with tlu; exception of’ the (‘arbonaceons 
;,ii(l sandy particles which are almost invariably jirescnt, and mav be readily 
(lislingnislajd. hlvaporate now to dryness on the water-bath with freipient 
stirring in the last stage of the process, niitil all the Ininps are reduced to 
powder. 

Moisten the dry ina.ss, after cooling, with concentrated hydrochloric acid, 
and let this act for about MO minutes; then add a proper (piantity of water, 
and heat to incipient ebullition; pass the acid fluid allerwards through a 
weighed stout filter. 

The silicic acid remains ni)on tie': filter, mixed with charcoal ami sand, 
if the ash contains these substances. M’lie mass upon the filter is thoroughly 
washed, catad’ully dried, and subs(Mpiently transferred I’roin tlu' filter to a 
jilatiniiin dish, without injiii-ing the filter. If’ the powder is perf(‘ctly drv, 
this may be naidily ac(‘omplished. only a few ])art icles of charcoal remain- 
ing ailaclnal to th(! paper, just sufficient to color it slightly. The powder 
is now hoih'il for hall an hour with a dilute solution of jmresoda (free from 
silicic acid), or with a (anu'ent rated solution of carbonate of soda, whi(di 
gradually (dfects th(' total solution of the silicic acid without affecting the 
sand or chaia'oal that may l)e jua'sent. MTie fluid is pa^ised through the 
same filter as bel’ore, and th(‘ undissolve<l residin' thoroughly washed and 
tlioii dried with the filter at lOOfi until the weight rejuains constant. The 
woiglit of the filter being dedm'ted the remainder is put down as cIkuuuhiI 
(iiid 

The fill rate is sup('r.satnrat<'d with hydrochloric acid, and the si/iric acid 
in it determineil as <lirected 1 Itfi II., a. * 

2. Dktkumixation of aiu, tiii: iuaiaixixu Coxstitulxts, with the 

KNCKt’TlOX OF (’lILOlUXF AXI) C'AUaOXIC AciD. 

The hydnxddoric acid solution filtered f’rom the silicic acid, charcoal, 
iind sand, is intimately mixed with the washing watcu’ ; the Iluid is then 
divided, by weight or nieasui’e, into three, or, better still, four parts, since 
this will leave one pail for unl’or<‘S(‘en accidents. The best wav of' effi'cting 
the division, is to filter the fluid into a c. c. flask, to fill up to the mark 
with the Avashing water and with ])un‘ water, and shake; and finallv to 
measure off with a j)ipetle thia'e jiortions of oO e. c. each, ^^’e will desig- 
nate these three j)ortions .severally, />, and c. 

hi (7, wo d(‘t('rmine tlu' jdiosphate of .s»-s(piioxide of iron, the free sesqui- ^ 
oxide of iron, if present, and the alkaline carth.s, ahso the manganese which 
may he [u-esent. * 

hi h, the sulphuric acid. 

In c, the alkalies. . 

a. DcfcnniiKftioii of the Phosphttfe of Sc.<(ptio.ridc (f Tron, and of 
the. Alkaline Earths. 

^lix the fluid with ammmiia until a jiermanent precipitate is formed, add 
•nmtate of ammonia and a suflicii'iit (piantity of free acetic, acid to impart a 
distinct acid reaction to the fluid; application of a gentle heat will promote 
file separation of the yellowish-white precipitate, Avhich consists phos- 
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2^hate of sri^/pdiu'iih’ tf iron. Filter, Avasli willi liot water, dry, iiridtp 
weigh the preci])itate. Faleiilate as Fe^O^^, Ih)^ (comj>. ]>. 1 

ISaturato tlie liJtrate witli aiiiiiionia and determine tlie Juiu‘ and 
as directed, p. 3h7, 32 . 

llow'ever, slionld a precijdtato of of ses(/i//<>.ri(Ir tf huDi lornuihrm 
addition of ammonia, tliis must lirst be fdtered oil' and deU'rmined • ;||„| 
should a determ inal)lc quantity ol‘ inajf^oorsc lx; present, eitlioi- aloiio oj- 
with iron, tlie fdtrato saturated with ammonia must first he ja'ccljiliat, ,] 
with sul])hide of ammonium, before the estimation of the alkaliiu; oaril];^ 
can lie efh'cted. ^Fhe preeipitalcd sulphide of manganese, if |)Tire, is tn alid 
according to § lOP, 2 ; if containing iron, according to § KiO, 

b. Defenni nation of the Snljdan tc Acid. 

Precipitate the fluid b with chloride of barium, and determine tlie piv. 
cipitate as directed § 132, 1. 

r. Determination <f the Albdie.c. 

Mix the fluid c with a quantity of chloride of barium just snfliricnt tn 
precipitate the sidjihuric acid, as estimated in /q and evagorale nn tlie 
water-bath until (he greater part of fh(' free acid is ri'iiioi i'd ; (lien add 
])ure milk of lime in slight exc(.“ss, ami heat for sonu' time on the \vat( r- 
liath ; filter. This process serves to remove (he whole of llie siil|il!urio 
acid, phos|)horic acid, s(‘squioxide of iron, and magm'sia. Wash the pie- 
cipitate until the last washings produce no longer the least tniddditv In so- 
lution of nitrate of silver; remov(' the excess of lime from the filtrate hj 
means of carbonate (»f ammonia mixed with ammonia; let llx' picilpitan.' 
subside, ftlt(‘r ; evaj»ora(e to dryne.ss in a jdatinum dish, ignite; redissolvi' 
and precipitate again and, if necessiuu', a third time, with ammonia and 
carbonate of anunonia.'j’ Fvaporate, ignite gently, W(dgh the residual 
alkalitie cldorides, and s^qiarate the .se^/u and potaeea (if both alkalies are 
present) as directed § 152. 

N.li. If the (piantity of ash is small, tlie fluid filtered from the silleic 
acid may be divided into only two parts, and the sidphuric :nid and 
alkalies determined in one, by lirst precipitating the sidphuiie .‘ndd by tlie 
least excess of chloride of barium, ami then ])r()ceeding according to the 
directions of c. 


B. DtiTEfCMr NATION OF TUF CkviUiONIC AciD AND ('tll.olUNi;. 

DetermiiK! the carbonic acid in another p(»rtion of the ash, a.s diroeted 
p. 2‘d<S, or p. 300, e. Filter the contents of the flask (in nhieh the 
solution has bi'cn efrccbal with the aid of diliiU! nilrie acid), and preeiiu- 
^tate the chlorine with solution of nitrab; of silver, as directi'd § 1 11, b, n. 

N.Ih If the quantity of ash is very small, the whole of the const itiieiit'' 
may be determined in one and the same portion. IiT this cas(‘, the carliotiu- 
acid is first <letermined as in B, the fluid j)as,sed through a widghed llhci, 
the chlorine determined in tin; filtrate, and the excess of silver ])rcci]dlatu 
by hydrochloric acid; the first lilbrr is then spread on a glass ])Iatc, am 
the contents are rinsed off from it into the second filtrate; the imthd 


* Should the precipitate contain |)ho.sphatn of alumina, or Hhouhl any ^ 
entortalnod n;gurding it,s conqjo.sition, tlio wioghed precipitate must 1)6 e.\;uim)t( .is 
direc'cil, § llf.O. _ , . 1 

t In fact, until tlio Holution of tho gently igniteil residue is no longer icin o*- 
turhid hy amnionia and carbonate of annnonia. 
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§ 259 .] 

pj-occss is conducted ns in A. Tlie rinsed filter is dried, and tlie re- 
sidual cliarcoal, sand, and silicic acid arc siil>.scqiiently again collected 
on it. 

l], (^composed In/ TTi/drochloric Artd^ which ronfain more Phosjdioric 
Acid than (hat cumhined with. Scsf/uio.ride t^f Iron. 

§ 251 ). 

Take two portions of tlie ash, a larger, A, and a smaller, ?>. ])c-termine 
in h, the carbonic acid and chlorine as in § 258 ; in A, the otlier con- 
stituents. If the quantity ofasli is very small, diitermine the whole of the 
constituents in one and the same portion (see p. 686, li, N.H.). 

Treat A with hydrochloric acid, and sejiarate tlie silicic acid, charcoal, 
and sand as in § 258. Dilute the hydnichloric acid solution to oOl) e. c., and 
divide this into two parts, one of 1 00 c. c. (u), the other of 200 c. c. (A). 

T)etermine in a fii’st the mil/dinric rn-id, by adding chloride of barium in 
the least exi'oss ; then add solution of scsrpuchloride of iron until the fluid 
appears 'yellow, removi' the greater jiortion of tlie free aend by evaporation 
on the water-bath, dilute, and mix the fluid, after cooling, cautiously with 
carbonati! of luiryta in ]>ro]>er excess (the preciidt;it(‘ must be of .a light 
reddisli-liroAvn color). Aftin* half an hour, filter, remove tlio linn^ and 
baryta from the fill r, ate by carlionate of amnioni.a and :i little oxalate of 
ammonia, sejiarate the m.agnesia (tog.-ther with the last remaining traces of 
baryta) liy oxalic ,acid, as diia'cted ju fh;.'), 18; determine the athdies 
as chlorides, and se|>ar,ate them, if reipiired, according to § 152. If the 
solution contains a (h'terminabh.' qu.antit\' of ]ircci])itat(:* tins llr.st, 
after tlu' remov.al of the j)hosj)h()ric acid, Avith sulphide of amniojuiiin. 

Mix h Avith aminonia in slight exc<'ss, then .add acetic acid until the pre- 
cipitated jihosjdiates of the alkalim* c.arths ,are redissolved, riber off the 
phosplntfc (if scst/tthu-idc of' iron, Avhich remains undissolved, and treat it after 
§ 258, 2, u. Divide tin; filtr.ate into t.Avo equal ]-»arts, a and /I, and deter- 
inino in a the /ihurphuric netd as ])h<>sphatc of' scs<jui(»xidc of’ ur.anium, as 
directed ^ l.'M, c; in /I the lino and moiimrin as diiaaTed j). .‘lliS, 33- 
If the ash contains a determinable (piantitv of m.ang.anese, tin' l.atlcr must 
be removed from /3, otherAvisc it Avould |)reci|»itat(‘ jiartly Avith the lime, 
Jiartly Avith tlie magnesia. In that case, therefore, lic.at />, acidified with 
acetic acid (Avhich still contains alkaline acetate) to .50 — 6t)’, and transmit 
chlorine through it, j). .‘ITO, 64- 

A gn'.at number of other methods might be .struck out for the treatment 
of the fluid //, l)ut I *ieed iiot niention more than one in addition to the above. 
Proceed first .as above direcMi'd ; .afh'r the si'jiar.ation of tin' jihosphate of 
smjuioxide of iron, jirecijiit.'iticthe lime from tin* ;ua'tic acid .solution by ox.a- * 
late of ammonia (j). 165, yl). Divide the filtrate into tAvo eipial ]»arts, and 
detcriniiie the magnesia in one, bv addition of’. ammonia and jihosjdiate of 
soda; the phosjdioric acid in the other, by addition of ammonia and solution 
of sulphate of magmesia mixed Avith chloride of ammonium. 

In jiresence of an ajijireciable (juantitv of mangane.se, this latter nu'thod 
pves less s.atisfactory re.sults. If the ])iios|)horic aci<l is [iresent in the ash 
inform ofbibasic. .salts, the s.a lest Avav (Avlietln'r you intend to determine it 
)htb uranium or nuignesia) is to (uajioratc' tlie jAortion of’ fluid destined for 
its estimation, tinally in a jdatinum (lish, and to fuse the residue with car- 
xmate ol soda before proceeding to precijiitato. 
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[§ 2G0. 

If you have uierely to ddcrinine the ]>hosj)horIc acid, you mwy oinul 
AV. Mayer’s lueiliod.* Tlio ash is prepared as directed § 2o(;, \ 
evaporated with fuming nitric acid or acpia regia to dryiuiss (to o\idi;^|i p 
sulphidt's, if present). Tncat the residue with dilute liydrocldorle nch] 
filter, mix with ammonia, till a slight prei-ipitatioii takes phu'e, add a fo\v 
drops of hydrochloric acid to render the solution olear again, and tliea a 
mixture of tartaric acid, .sidjdiate of magnesia and chloride of ainnioniuia f 
also add some acetate of soda, preci[)itate Vith oxalat(‘ of aniinonia, rt'move 
any baryta by sulphate of ammonia, and from the lluld now frew (Vom 
baryta and lime preei})iUite the phosphoric acid with ammoni:i as aniuionio^ 
phosphate of magnesia. 

The sesipiioxido of iron is retained in s«dution by the tartaric acid 
comp. p. 280, e, a. 

y. Ashes not decomposed hi/ IL/drochloric A(‘id. 

§ 2(;o. 

Carbonic acid (avIuoIi, hoAvever, is rarely found in ashes of tliis 
class) and cldorim' are determined according to tlie direct Ions ol’ 2')8. 
The estimation of tlie other constituents re«juircs a, j)rcliniiiiarv (iecom- 
j)osition of the ash; this may be (diected in siivcral ways, as lollows: — 

1. Mvaporate the ash with jnire solution of soda to din lu'ss, in a pl.'itl- 
num or silver disli. (Tlie results of many experiments have shown that 
bv tliis o])eration the silicates in the ash an* completely de'eoin[)osed, whilst 
the sand whi<di may be inixi'd with the ash is loft iintoiudied, or, at least, 
nearly so. The heat must not lie raised in tin' last stage of tin' |»ro('css 
suilicimitly high to fuse the mass.) Treat the residue with dilute liydro- 
cliloric acid, evaporate, treat again with the acid, and proceed with the 
insoluble roshhui (silica, charcoal, and sjuid), as directed in § 2oS, A. 1 ; 
with the solution as directed in § ’Jo-S, A, 2, or § 2dl), A. .Vs the alkalies 
cannot lie didermiiK'd in the solution, they are estimated in a sejarato 
portion of the ash, wlfudi for this purjiosc' Is decoinfi'osed either hy 
fusion with hydrate of baryta or by hydrofluoric acid (FiMiSE.Mi s and 
Wile). 

2. AVay and OosTON J mix the ash with an ecpial weight of nitrate of 
baryta, and ])roject it into a large platinum crucible in small jiortions at a 
time, Hy this proc(;ss t,hc ash is rondoreil easily decoinposalile ly hydro- 
chloric acid, and the charcoal whi< h it mav contain is burnt., d'he. .silicic 
acid is se])arated acconling to § 2o8, A, 1, and the sulfdiatc ol haryta 
which mav Ikj present determine<l. Of tin; h) drochloric aclil solution, 
Way and Oostox use a ])ortion for the estimation of •t he alkalies, hy the 
method described in § 208, A, 2, e; they ])reci|)itato the remainder with 

* sulphuric acid, added slightly' in ex(a>ss ; [| they then divide the liltrate into 
two portions, and determine in one the phosphate pf s(‘S(piioxido ol iron, 
the lime and magnesia (§ 2511); in the other the [)hosphoric acid, as 
<li reeled p, 276, r/, ft. 

* Amial. d. Cliem. u. PhanTi. 101, 129 ; .T;ilirt!Ht)or. von Kopp u. Will. ISio, 

t Tliis mixture i.s made as follows ; - 'fake 15 grm. tartaric acid, 12 grin, ciys 
tallized sulpliato of magTicsia, !()■.'> grm. clilorido of .'unmouium and water to 1 litre. 

t .lournal of tlie Koyal Agricultural Soi-ietv, VIII,, Part 1. i i f 1 

II Ah the quantity of iiitraUj of haryta used is known, an exce.s.s, over the crucu .i ei 
weight, of sulphate ol •)!iryta shows tliat lime has iMicm thrown down with the 
th<; (piaiitity of this sulphate of lime is found from the excess ol the weight o 
piecipitate. 
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§ 261 .] 


III. Arrangkment of the Results. 

I 261 . 

It is only recently that chemists have paid much attention to the analysis 
of the ashes of plants, for the benefit of‘ vegeUible physiology and agricul- 
ture. Tlie questions which it is intended to solve by the analysis of the 
ashes of plants, are principally tlie following : — 

1. Do plants absolutely require certain (juantities of certain constituents ? 
and if so, what are these constituents ? 

2. May some of these inorganic constituents be replaced by others ? 

It is quite obvious that a jierleetly satislactory solution of these ques- 
tions can be expected only from the results of an exceedingly large number 
of analyses, and that a great many chemists must contribute towards such 
a solution. 

Under these circumstjuiccs, it is of the utmost importance that the results 
of all analyses of vegetable ashes should be exhibited in a uniform manner, 
so that they may l)e coinpanKl readily and without recalculation. 

As the niaiUKir in which tin? bases and acids found were originallv com- 
bined in the plant cannot be inferred from the ash witli any degree of cer- 
tainty, and since, moreover, as 1 have already had occasio]i to state, the 
ashes diller as regards tlie phostduites, Ac., according to the degree of heat 
ein])loyed, — it is un(]uestional)ly the most judicious way to enumerate the 
])orc:e.ntages of the bases and acids se[>arat(dy. The chlorine, however, is 
put down .as chloride of sodium (and, il' there is not enough .soda, as chloride 
of potassium), the c(|uivalcnt quantity of soda being subtracted from the 
total amount of soila found ; sinct', otluirwise, a surplus would be invari- 
ably obtained in the analysis, as the chloridef of sodium origiiially juesent 
in the Jish would be put down as chlorine and instead of chlorine 
and fioditiiU: The mangaju'se whicdi may be present is put down as proto- 
sesqnioxide, since it exists in that lorm in the ash. 

If tlie results are merely given thus, as they are directly obtained, they 
could not be compared with those of other analyses, since among the con- 
stituents exhibited there anq or there m:iy be, .some which are unessential, 
more especially charcoal and stind. Hence, if we want to cxhil)it our 
analyses in a form in which they can be compaia'd witli one another, we 
must remove the results from tin; inllueneo of these imes.sential con- 
stituents. This is done by caneelling the ehareoal and.s:ind, andreekoning 
the essential eoiistituents into ])er-eeiits of tlieir sum. 

A report intended to show the eoinposition of an ash as revealed by the 
amdytieal process, must include tlie carbonie acid among the essential eon- 
^titrionts; but if tlie olijcet of the analysis is to a.sccrtuin what are 
the inorganic salts which a jdant d(-riv4*s from the soil, the carbonic acid 
must be struck out, as w'ell as the charcoal and .smd. 

To satisfy every rcipiirement, it is best to state the results both ways, 
inclusive and exclusive of the nne.sscnlial ])arts; the tirsC statement 
tvill eii.alde one to judge of tlie degree of aceuracy of the analysis, the 
ether will nnider c.xuet compari.st)i\s p4>>.sible. If the earlxmic acid is 
emitted Iroiii the second arrangement, iin* tin* reason suited, the quantity 
<^1 carbonie acid belonging to 100 jiarts of tlu' asb which is repircsented as 
hee Irom carbonic acid, must be mentioned instead. 


T Y 
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[§ 2G2. 

IV. Calculation op the rERCENTAOEs in which the several C(jx 

STITUENTS OF THE Asil ARE PRESENT IN THE PLANT, OR Part oi a 

Plant, which has furnished them. 

§ 262 . 

The usual way formerly was to incinerate, with proper caution, a stnall 
weighed portion of the carefully dried vegetable siilistance, and dctcnniiK^ 
the total amount of the ash ; and then to incinerate a large ninvoiLdicd 
portion, less carefully dried, and analyse the ash obtained. A simple 
dilation then sufficed to find the percentages of the several constituents in 
the plant. For instance, sormf grains of wheat had left upon incineration 
d per cent, of ash, containing 50 jicr cent, of phosjdioric acid : tin; gi’ains 
themselves were therefore assumed to contain 1'5 per cent, of phosphor ii*, 
acid. 

This method is unquestionably most convenient ; but, unfortunately, it 
does not give sufficiently accurate n'sults in all cases, since, troin th(;c;msos 
stated in § 25G, the total amount of the ash is by no means constant, hut 
varies more or less, within certjiin limits, according to the mannci’, inten- 
sity, and duration of the ignition. As wo can, therefore, in most c;isos, 
never be sure that the smaller portion obtained in the determination of the 
total weight of the ash, corresponds exactly in amount and composition 
with the larger portion used in the analysis, it is always the safer plan to 
weigh, as 1 have already recommended in § 256, on tlie one hand, llio 
total ([uaritity of the (dried) sub.stanco intended for incineration, and, 
on the other liand, the totil amount of ash obtained and intended fur 
analysis. 

If it is wished to avoid this, the end in view may also ho attained in 
another manner, viz., by incinerating first a large unweigliod portion of tlu^ 
vegetable substance, analysing the ash, and determining thus the relatio; 
proportions between the several constituents; then incinerating a smallci' 
weiglu'd portion, dried at 10(P, and determining in the ash one of lliosc 
constituents which arc not liable to the least cliange in quantity fi'oni tin* 
mode of incineration — I'nue^ for instince. As we know the relation of tliis 
sulistanco to the plant as well as to the other constituents of the ash, it is 
easy to calculate also the jMaxentages in which the other constituents ol tlu* 
a.sh are present in the plant. 



IV. ANALYSIS OF SOILS. 


§ 2C3. 

Apart from the eirciimstances of climiitc, the fertility of a soil dep(m(l.s 
on its chemical as well as on its mechanical and physical nature. The 
cliemical nature again is dependent not only on the quality and (piantity 
of the constituents, but on their solubility and their state of combination. 

Hence, if our analysis is to afford a criterion of the fertility of a soil, 
wo must, as far as possible, examine all the above points. I siiy as far as 
possible, for in a lal)oratory we cannot induce solvents to act in exactly 
the same manner as they do in nature; and again, the chemico-physical 
examination is scarcely sufficient to reveal the variations of the mode in 
which the materials are combined in the soil. That these variations do 
exist is evident, for instance, from the fact that a perfectly uncultivated 
soil, although it contains the materials neccssjiry for a })articular plant, will 
soinetinies still fliil to support it, while it is capable of sustaining other 
plants of equal or even greater material requirements. Combination of 
the materials is, therefore, the resi.stincc which the soil offers to the 
delivery of cortiin constit>ients to the pdants, a resistance which, overcome 
l)y ceu'tain plants, ballh's tlie attempts of others, and which, us experi- 
ments have shown, diminishes with cultivation.* 

In conformity with the ol)jcct and sco{)e of tlie present work, I shall fully 
describe the mechanical and chemical analysis, while as regards the investi- 
gation of tlie most important physical properties of soils, I sliall simply 
indicate where the best information can be obtained. B(isides drawing 
from my own exi)ericnce and the former labors of others, 1 am largely 
indebted to E. WoLFF.j- 


1. Collection of the Soil. 

§ 204. 

The upper layer to a dcp)t}i of 30 cm. may be considered as surface 
fioil; the next inferior layer to a depth of 00 cm. may be taken as the 
subsoil. If either surface soil or subsoil is to be taken from a parti- 
cular spot, dig a quadrangular hole 30 cm. scpiare, with per])endiciilar » 
sides and bottom as nearly horizontal as jw)ssil)Ie, and then cut away a 
vertical slice of imiforiu thickness from one side for your specimen. If 
you want a specimen of the subsoil, proceed in like manner. If you 
desire that your specimen should be a fair average representrftive of the 
^oil in a whole field, take jiortions in the same way from various parts and 
^^ux them. The specimens should be dried thoroughly in the air. In 
summer this may be done by polacing the earth in a shallow box in a dry 

* Comp. y. Liebig, The Natural Laws of Husbandry, ed. by Dr. Blyth (W alton 
^nd Maberly, 1863), p. 63 et seq. 

+ Entwurf zur Bodenanalysc vou Prof. Dr. Emil Wolff (Landwirthschaftl. Versucha- 
^tationon, 1864, Bd. VI. ; Zeitschr. f. anal. Chem. 3, 35). 

• ty2 
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room ; in winter you should keep it in a drying closet, the temperature of 
which is maintained between SO'" and 50°. 

To make a complete analysis you will require about 10 lbs. of the soil 

11. Mechanical Analysis. 

§ 2G5. 

1. Weigh the whole quantity of the air-dried earth, pick out the stones 

brush and weigh them. ’ ’ 

2. Put the earth now on a tin-plate drum-sieve with holes 8 rum in 
diameter, and sill. Tlio lumps are reduced in a mortar, using iiiodonUe 
pressure, prclerably with a wooden [)estle, and the sifting is eontinuod. Tim 
portion that has passed througli, which K. Wolff denominates fine, airfh 
is reserved. Place the .sieve in a dish, add water, so that the contents of 
the sieve may be covered, and wash them with the hand, till all clay is 
removed from the small stones. Finally, rinse the latter with a little 
water, transfer them to a dish, dry at 100° and weigh. The weighed 
matter is //rorc/. If this is ignited, the loss of weight ineurred will indieato 
the organic matter belonging to it, provided it con.si.sts of such small stones 
and rock-fragments as lose no constituents on ignition. The contents of 
the dish containing the earth avashed away from tlie gravel arc slowly dried, 
linally at between 30 and 5(F, the residue is mixed thoroughly with Avhat 
])ass(Ml through the .sieve before, the mixture is .s])read out in as thin a 
layer as pos.sible, ke])t for some days at a moderate tem])crature in a ])lace 
free from vapors and dust, and then pre.served in a clo.sed bottle : this is 
a ir-d vied fin e earth . 

The ratio of the stones to gravel and to fine earth is now kno'wn. 

For the meehaidcal analysis of the line earth we used to employ 
Scih'LZk’s proee.ss,* which consists in s(‘parating the (jravelhi sand hy a 
.sieve willi lioles of 0‘G(> mm. diameter (first sifting and then washing th(3 
re.siduc on the sieve), and aflerwards decom])osing the (‘arth into coarse 
.sjind, line sand, and finest particles by the a])paratus and in accordance 
with the method des(‘ribed pp. G28-9. 

But the desired olqect may be atUuned more easily and ex])editiously 
by sinijde elutriation with the aid of NGhel’s apparatus (fig. 181), Avlnch 
is recommended by (jUocvkn and K. Wolff. 

Th(! res(!rv(jir A hohls 1) litres comfortably ; at the beginning of the 
0])eration it is filled with this (pjantity of water. The cock is connected 
air-tight with an Tndia-rublmr tulm, wliicli is filled with water by allow- 
ing a little to flow out of the ve.s.sel. b c .should be about 2 fe(3t. The 
vessels 1 , 2, 3i Hiid 4 hold 4 litres altogether; their capacities .should he to 
one another in tlie proportion of 1 ; 8 ; 27 : G4, or J/* : 2^ : 3^ : P; 5 
vessel which holds 5 litres e.asily. 

oO gnu. of the fine earth prepared as above is boiled with water lor 
some hours, if nccc.s.s;iry wdtli gentle trituration with a woodcin pestle, so 
that all the lumps may be lidly broken up. Allow to stand for sonic 
minutes, pour off the greater jiart of tlie supernatant turbid fluid into the 
vessel 2, Htir up tfie nisidue and rinse it with as little water as ]) 0 ssiblc 
into 1 . ('onneet 1 air-tight with the flexible tube, put the apparatus 
quickly together, and o])en the cock of A to such an extent that exactly 
9 litres may flow out in 20 minutes. This mu.st be determined by a pic- 
liminary experiment, as the cock .should not be altered during the operation. 

* Joum. f. prakt. Chem. 47, 241. 
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At the expiration of the 20 niiiiutcs, dose tlio eock. The vessels 1 1 

j) 0 W contain together 1 litres ol wat(;r, wliile 5 litres of turbid fluid have 
flowed into 5, Allow the live vessels to stand for some hours, so that 
tlifi several earths may settle as clear as possibhi, and then rinse the 
(lepositsjn 1 4: “'i to weighed filters : this is easily dom' by blowing 

into a. As the dt'po^sit in 5 i^ liable to pass througli the; filter, you 
may, after pouring away the supernatant clear tluid, rinse the residue 



Fig. 181. 

into a porcelain dish and dry it. The dejv^sits are dried at 125°. Alter 
W(Mghing, determine the loss on ignition* of the several constituents of the 
earth that hav(‘ bo(!n mechanically S(‘]>;irated. 

These constituents are designated as follows: — 

The contents of 1 , Small rock fragments, small stones, or — according to 
Srmn.zK — gravelly sjind. 

„ 2 . ('oarsr? s<and. 

j, 3 . kiiK! .sand. 

j, 4. C'layiy .sand. 

5 . hi nest portions (clayey .sub.stance). 

The sum of the ci^n.stituents thus determined Avill l)e short of the 
‘|uaiitlty of line eaj th taken ; the deficiency repre.sents the nioisfure in the 
hne earth. This result will be controlled by the direct nioislure deter- 
Jiiiiiation to be sid)se(piently made (§ 2f 6, 1 ). 

The results of the mechanical analy.si.s may be judiciously exhibited 

at ignition does not necessarily represent organic matter, as clay dried 

■ -o givo.s up water on ignition, calcareous sand loses carbonic acid, and .so otic 
e expelled carbonic; acid may goner.ally be restored to the ro.sidue, by moistening it 
^ ‘ a solution of curbonato of ammonia, drying, and then igniting very gently. 
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100 parts of the fine earth dried at 125° contain (say) 


7-51 1 
30-9G I 
32-71 1 
17-63 I 
11-19 I 


Fixed 

substances. 


Gravelly sand 6-91 

Organic substances, &c., belonging thereto 

Coarse sand 30’05 

Organic substances, &c., belonging thereto 

Fine sand Sl'fil 

Organic substances, &c., belonging thereto 

Clayey sand 16*77 

Organic substances, &c., belonging thereto 
Finest particles 10*36 


Organic substances, &c., belonging thereto 


Cornbu.stible 
or volatile 
substances. 

• . . 0 -()() 

... 0 * 1)1 


... 1*10 
. . . 0*87 

. . . 0*82 


100*00 


05*70 4-80 


7*16 Gravel 
2*10 Stones 
5*03 Moisture 


Associated with the above substances in the air-dried 
soil. 


III. Chemical Analysis. 

§ 266. 

Were we here to treat the soil as a whole, and be content with asorr- 
taiiiing the toUd percentages of potash, lime, phosphoric acid, silica, 
alumina, tVc., we should not obtain any idea of the solubilities of the 
several constituents. Were we, on the other hand, to treat tlie soil succes- 
sively, with various menstrua, c./;., first j)iire water, then water containing 
carbonic fK;id and ammonia sidts, (hen acetic acid, then cold hydrochloric 
acid, then l)oiling hydrochloric acid, and lastly concentrated sulphuric acid, 
the solubilities of the constituents would indeed be exposed to our view, 
but the analysis would tlien become extremely conij)li(:ated, and W(juld in- 
volve an extraordinary expenditure of labor and time. When we reinenibiT 
too that the power of the soil to retiiin certain matters more firmly than 
others, impedes the complete extraction of the nuitters soluble in a 
certiiin weak menstrunni, we cannot fail to be conscious of some uncertainty 
regarding the best mode of j)eribrniing the chemicjil analysis of' a soil. 

It i.s perfectly plain that analyses of .soils cannot be conijiarablc one with 
another, if one analysis is executed with tlie aid of one set of solvents and 
anotlier analysis with the aid of another set, and that conscfjueiitly il the 
analyses of soils are to be of any real value, chemists must conic to aii 
understanding among themselves to adopt the use of definite solvents, (hir 
knowledge is, however, very far from being adecpiatc to deciding the ques- 
tion, what analytical treatment will afiord the most useful results, i-e-, 
results whi(;h, when viewed in conjunction with the agricultural experi- 
ments made on the same soil, will lead to the clearest and aafest conclu- 
sions; hence, as a matter of course, also, the views of chemists arc as )ct 
divided with respect to which solvents arc the most apjiropriate. 

I shall describe in the first place those mctliods of treatment concerning 
which all or nearly all are agreed, and which in my judgment will geiici- 
ally be sufficient, and I shall then briefly indiciite how the analysis may ^ 
extended by the application of a larger number of solvents. 
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1. Determination of the Moisture. 

Weigh off 500 grm. of the air-dried earth,* dry at 125® in a paraffin- or 
air-bath (§ 29), determine the loss, and weigh out at once 450 grm. of the 
dried cartli for the preparation of the hydrochloric acid solution in 3 ; pre- 
gerve the rest in a well-closed bottle. 

2. Determination of the Carbonic Acid. 

Take portions of the earth dried at 125®, larger or smaller, according to 
the (jiiantity of carbonic acid present, and proceed by one of the methods 
described § 139 ; the most accurate is that given p. 300, e. 

3. Determination of the Constituents soluble in cold Hydrochloric Acid. 

Treat the 450 grm. weighed off in 1, in a capacious bottle j)rovided 
with a glass stop])er, with 1500 c. c. concentrated hydrochloric acid (of 

115 sp. gr., conUiining accordingly 30 per cent. H Cl), and for every 2‘2 

per cent, of carbonic acid that the soil contains in the form of carbonates 

add 50 c. c. more of hydrochloric acid. Let the mixture stand for 48 

hours, with frequent agitation, and then decant exactly J of the ffuid as 
clear as possible. f The fluid poured off corrc.sponds to 300 grm. of the 
soil dried at 125®. Dilute witli an equal volume of water, and filter, 
evaporate the filtrate on a water-bath to dryness, adding a few drops of 
nitric acid towards the end. IMoisten the dry mass with hydrochloric acid, 
warm, sejjarate the silica (p. 303), and make the filtrate up to 1 000 c. c. 
This solution is employed as follows : — 

a. 200 c. c. ( = GO grm. of the fine earth dried at 125®) serve for the 
dctcriiiinatioii of the sesquumde of iron,'j^ protoxide of maiujanesc^ alumina, 
lime, and magnesia. Make use of one of the methods in § 161 ; in the 
presence of much iron, 2 (112) is to be preferred. It must be borne in 
mind that the whole of the phosphoric acid is copreci])itiite(J with the 
sesquioxide of iron and the alumina by acetate of soda, and that its weight 
must therefore bo deducted from that of the ignited and weighed precipi- 
Uite, in order to find the sum of the sesquioxide of iron and alumina. 

h. 300 c. c. ( = 90 grm. of the fine earth dried at 125®) serve for the 
(Icteriiiination of the sulphuric acid and alkalies. Precipitate the former 
with chloride of barium, added in slight exce.ss. To estimate the alkalies 
expel the greater portion of the firee acid by evaporation, precipitate with 
])urernilk of lime, and jjroceed generally as directed p. 5G2, third paragraph. 

4 oil may also precipitate with ammonia first, tlien with carbonate and 
oxalate of ammonia, and finally separate magnesia and alkalies by § 153 
(18 or 21). 

c. 300 c. c. are used for the estimation of the phosphoric acid. As tlie 
<]U:intity of iron is usually large and of phosphoric acid small, it wall be * 
generally advisiible to se])arate the latter first in combination with a little 
^c:s(pnoxide of iron and a portion of the alumina, as directed p. 283, y, and 
flotermine it after p. 273, /3, in the nitric acid solution of tlm precipitate 
obtained. 

* A shallow tin box with cover may be used for this jmrpose. 

t If you have taken 1500 c. c. hydrochloric acid, of course you will pour off 
1000 c. c. 

+ If the soil contains protoxide of iron, extract a separate portion of the fine earth 
hydrochloric acid, and determine the protoxide of iron in the solution after 
P- 101, b. Deduct the iron thus found from the total amount found in a; the re- 
mainder will be the iron present as sesquioxide. 



696 


SPECIAL PART. 


[§ 2CG. 


Tn tlio case of soils which abound in humus this process does notaiis^vo). 
as tlic large (piantity of organic matter in solution int('rfei-cs with the pj/ 
cipitation of the hydrates, and also the phosphates of s(;s(piioxi(le of 
and alumina. It is true that the organic matter imiy be got rid of },,, 
evaporation and ignition, but then the iron and alumina pass iiito tlu; i\\L 
agreeable condition of very dillieultly soluble basic salts. Under sucli cii^ 
cumstances the following ])rocess is to ])e preferred : — 

1. Take dOO c. c. of the liydrocldoric acid solution for the determina- 
tion of tlie sulphuric acid and alkalies, and treat as above in h. 

2. Evaj)orato 500 c. c. in a ])latinuni disli nearly to dryness, ;iml tlini 
add pure solution of potash in large excess. Eva])orate to dryness wiih 
addition of a little carbonate of sod;i and nitre, igniU; to the dc'struetion of 
the organic matter, soften with water, pour off tlui solution into a flask 
transfer the insolubh? portion to a glass or j)orcelain vessel, warm it vith 
hydrochloric acid till di.ssolved, mix the two solutions, make the mixliiro 
up to 500 c. c., and then treat 200 c. c. as in a, and 500 c. c. as in c. 


4. Determinaihn of the Coustitiicots {nmliihic. in cold Jf/fdroclilun)' 
Acid, and decomposable /u/ Conrentrafed Sulphuric Acid A 

The residue remaining in 5 after the treatment with cold liydnxhldiic 
acid, is collected on a filter, washed till tlie acid reaction is removed, drud 
with the lllt(!r, and then separ.aU'd from it. The filter is burnt, tlic ash 
mixed uniformly with the n'sidue, the whole weighed, and then ])orti()n,s of 
8, 10 and 15 gnu. are .severally weiglusl off. O'lie portions are host taken 
from the mass with a tea-spoon. It mu.st not l>e fitrgolteii, tliat a powder 
like the present is very apt to lose its unifbrmity by sh;d<ing, as the coarser 
particles tend to separate from the finer. 

a. Ignite the 8 grin, jmrtion with access of air, and weigh the residne. 
Calculate the total quantity of the mineral coinstitiients of the soil which 
are insoluble in hydrochloric acid. 

b. Boil the 10 gnu. portion several times with a concentrated .solution of 
carbonate of soda, with addition of a little .solution of' soda. In tin; filiraU' 
detorniinc the silica 1 10). The silicic; acid here found may be. of two 
kinds : it may have been .sc'parated in the hydrated condition from deeom- 
po.sable silicates on treating the earth with hydrochloric Judd, or it iiia) 
have becin mixed with the clay of the soil as hydrate (p. (J.'U, /’). 

c'. Ih'cat the 15 grin, portion with 75 grm. pure concentrated sul|'hnric 
acid and heat till the exces.s of acid is nearly evaporated and the ma.ss [H'c- 

* E. Wolff exhausts with boiling hydrochloric acid before treating with .sulphuric 
acid. As boiling hydrochloric acid dissolves on an average about five or six tiine.s tlic 
(juaritity of alkalie.s taken U|> by the cold acid, and also far more acHijuioxide of iion 
(' and alumina than the cold acid, Ifm grm. of the air-dried soil will lusually sutfioe for 
the preparation of this solution. The said (juantity of soil is treated in a capaciou.s 
Hask with tJOO c. c. eoncentrated hydrochloric acid, the Huwl i.s heate«l to boiling .luil 
maintained in gentle ebullition for 1 hour, then diluted with about an equal volume of 
hot water and poured on to the filter. The residue is thrice boiled witii water in the 
tla.sk, and then traiiaferred to the filter, where it is completely exhau.sted with hot 
water. The Hilicic acid may he Beparated, the Holution made up to lUUO c. c., and 
the various substances detenuined therein as directed for the cold hydrochloric .solution. 
In order, however, to obbiin a larger quantity of material for the pho.sphoi’ic acid e.sti- 
mation, the ammonia precipitate obtained in b may ho dissolved and added to the Huid 
in c. In calculating the results the constituents soluble in cold hydrochloric acid arc 
to he deducted fnnii tho.se dissolved by hot hydrochloric acid. The differences iinh" 
cate the quantities of the several bodies, which cannot be extracted by cold, but can 
he extracted by boiling hydrochloric acid. 
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sents the appearance of a dry j)ow(l(ir. Moisten with conceal trated hydro- 
chloric acid boil rcpcatcelly witli water, and filter. In the fluid determine 
the sihca, alumina, sescpiioxidc of iron, lime, magnesia, and alkalies which 
may liave passed into solution, by the metliods given in 3. 

The residue left after treatment witli eoncontrated sul])huric acid is dried 
(not ignited), the filterjs incinerated, and the ash added ; the whole is theu 
repeatedly boiled with a concentrated solution of carbonate of soda, to which 
a little caustu; soda lias been added, filtering off hot each time.’ In the 
solution thus obtained dcitcrmine the silica (§ 110). What is here found 
belongs, after deduction of that found in /», to the clay of the soil, for it is 
in the main the clayey constituent of the soil which resists cold hydro- 
chloric; acid, lint is decom|)osed by suljihuric acid. 

The residue left after c.vdiaustion with boiling solution of eau.stic and 
carbonated soda is submitted to a careful and protracted washim’’ dric'cl 
ignited, and weiglied. From the weight, the sum of the constiu louts 'of 
the soil which are insoluldc in hydrochloric acid and undecomposablc by 
sulphuric acid is found. •' 

5. Anah/si^ of the ComtUnent^ which are inrohihle in Cold If yd rochloric 

Acid and undecoinpoiiahle by Snlphnric Acid. 

4 01 .) gini. of the insoluble residue obtained in 4, c, are reduced to an 
impaljiable powder in an aguite mortar and by degrees completely elutriated. 
The elutriated sub.stanco is dried, gently ignited and unilbrmlv mi.Ked. 
About d gnu. are then treated with hydrofluoric acid (p. dOG, nu, or bh) 
and the bases ])rescnt determined. If you wisli to estimate tlie silicic aci.l 
directly, and not merely by difference, treat the rest of the elutriated powder 
after p. dO 1, a. 

6. Supplementary determination of the Constituents which are soluble in 

weaker menstrua. 

As the solvents which act on the soil in nature are of a far weaker kind 
than those Avhich we have hitherto employed in the analysi.s, it is well to 
UKpnre how much of the constituents soluble in hydrochloric acid is soluble 
ui pure water, in carbonic acid Avater, and in water containing carbonic 
acid and chloride of ammonium. 

f. Treat ;)()() grm. of the air-dried fine earth in a flask with a (piantitv 
of leater which, adilod to that already coutaine(.l in the .soil (and expidled 
•y a tem[)eratur(! of ldr)°), Avill make up loOO c. c., shake frequently, and 
alter d days filter offTdO c. c. ; evaporate ihe clear filtrate in a Aveighed 
platinum di.sh, toAvards the end on the Avater-bath, dry the n’sidue at 125'', 
Aveigh, ignite, treat Avitli carbonate of ammonia, ignite gently, and rcAveigh. 
The first Aveight gives tlie total (piantity of the coiLstitucnts extracted by , 
^'•itcr Irom 2u() grm. of earth, the second gives the incombustible and non- * 
volatile portion thereof 

If you desire to examim^ the constituents extracted by carbonic acid 

proceed as follows ( Woij-v) Treat 2500 grm. of the air-dried fine 
eaith Avith 8000 c. c;. Avater (less the (piantity already in the earth) and 2000 
c- c. of water, Avhich has been ])rcviously saturated at the ordinary tempera- 
tec Avith carbonic acid. AIIoav to stand in a closed flask lor 7 days, Avith 
te-(|uent shaking, then di'cant 7500 c. c. (i.e., ^) of the fluid from the sedi- 
^leiit, and filter if neces.sary several times through a double filter. Fvapo- 
te e 1 10 clear filtrate, Avith addition of a little hydrochloric acid, and toAvard.s 
te end also of a fcAv drops of nitric acid, to dryness, l^eparate tho 
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silica and determine in tlie filtrate, without dividing it, the possible tracoa 
of iron and alumina, and the lime, sulphuric acid, magnesia, potasli, and 
soda. The phosphoric acid is generally only present in such small quanti- 
ties in this extract, that its determination must be left. 

c. The jjrocesa in b niay also be employed, if you desire to investigate 
the action of water containing chloride of ammonium or the simulUmoous 
action of chloride of ammonium and carbonic acid. Wolff rccoiinnends 
to add to tlie water, or the carbonic acid water, as tlie case may be, 0 05 
per cent, of chloride of ammonium. 

V. Determination of the Carbon contained in Organic Combinatmis. 

The element carbon is j)rcsent in the soil not only in the form of caihonic 
acid, but also in form of organic substances, which, for the most part, iiave 
been converted by mouldering and decay into humus (ulmin, liinnin, iilmic, 
humic, geic acids, &c.). We may cither limit ourselves to dctcrniining 
the total amount of carbon present in the form of organic matter, or we 
may make supplementary determinations of the portion soluble in a solu- 
tion of carbonate of soda (acids of humus), of the portion whicdi dissolves 
on boiling with solution of potassh (coal of humus), and finally of the 
waxy and resinous substances which occasionally occur. 

a. The determination of the total amonnt of carbon contained in orgatde 
combinations is made with the fine earth dried at 1125®, either by the method 
of organic analysis (§ 11)1) or by the process described pp. 600-1. In the 
former case deduct from the amount of carlx)nic acid obtained the quan- 
tity which is known to be present in the form of carbonates. In tliii latter 
case take a quantity of tlie earth which contiiins about 1 grni. organic 
matter (calculated from the loss on ignition), 17 grm. chromic acid, 25 c. c. 
concentrated sulphiu-ic acid, and about 14 c. c. water. In the presence of 
carbonates heat the earth fir.st with water ami a little suljdiuric acid. To 
absorb the chlorine which is ibrmed from the clilorides of the earth, ins(Tt 
between e and / (fig. 17H) a tube filled with iron wire and tilings. 
58 parts of carbon corresponcl on an average, according to Fit. Schulze, to 
100 parts of organic matter in the .soil. fiO jiarts of carbon correspond to 
100 parts of humus substances. If the latter are determined after b and c, 
we can find the quantity of the organic matter which has not yet been con- 
verted into humus sub.staiices, by ciilculating with the aid of the relations 
just given the quantity of carbon corre.sponding to the humus substances 
pre.sent, and multiplying the residual carbon by 1*724 (or 

b. Determination of the Acids of llumns* (ulmic, humic, geic aedds). 
Digest from 10 to 100 grm. of the air-dried ciirth (according as the 
qualitative analysis lias shown the pres(!nce of a larger or smaller (juantity 

’ of the acids of hnmus) for several liours, at 80° — 1)0°, with a solution ol 
ciirbonate of .soda, and then filter. Mix the filtrate with hydrochloric acid 
till the reaction is just beginning to be .slightly acid ; the acids of huinns 
will separate in the form of brown Hakes. Collect thc.se flakes on a 
weighed filter, wash until the water begins to be colored, dry and Aveigln 
Burn the dry ma.ss, deduct the weight of the ash (after subtracting the 
filter a.sh) from that of the dry ma.s.s, and enter the dilference as acids of 
humus. 

* With regard to the cHtimation of the organic constituents, compare Otto (Spren- 
gel’s Bodenkunde, p. 430 et soq.); and also Fr. Schulze (Joura. f. prakt. Cliem. 
47, 241 et seq.) 
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c. Determination of the so-called Thimns Coal (iilmin and liumin).— 
Boil a quantity of earth equal to that token in h, in a porcelain dish, for 
several hours, with solution of potash, replacing the evaporating water 
from time to time, dilute, filter,* and wash. In the filtrate determine the 
total amount of the acids of humus as in b. The difference between the 
weights obtained respe^itively in b and c, expresses the quantity of humus 
acid which has been formed from the ulinin or humin by the process of 
boiling with potassa. It is usual to enter it as humus coal.']' 

d. Detemninatwn of Wtury and Resinous Substances. — These substiincca 
are found in appreciable quantities in some kinds of soil only. Their 
(loterinination may be ellected in the following manner: — Dry 100 grin, of 
the earth in the water-bath, boil repeatedly with strong alcohol, collect the 
filtrates m a flask, and distil off half the spirit. Let the residue cool, 
which will cause the wax to separate. Collect this on a weighed filter,' 
wash with cold spirit of wine, and determine the weight. Evaporate the 
filtiate (in the last stage of the process with addition of water) until the 
alcohol is completely removed; wasli the separated resin with "water, dry, 
and weigh, (li the total quantity of wax and resin is in any way con- 
siderahle, it must be deducted from the weight of the acids of liumus, as 
the latter have been weiglied inclirsive of the waxy and resinous matters.) 

8. Determination of the Nitrogenous constituents of the Soil. 

Nitrogen may be priiscnt in the soil in three different states of com- 
bination, viz., as nitric acid (or nitrous acid), as ammonia, and in organic 
compounds. It will not suffice to determine the total amount of the 
Glcmeiit, we must also know the form in whicli it occurs. 

a. Determination of the Nitric Acid. 

Take a (piantity of air-dried fine earth eipiivalent to 1000 grm. of the 
line eartli dried at 12o° and treat it with an amount of water such that the 
total amount of water jiresent, including the moisture previously conbiined 
in tlie eartli, may be ITiOO c. c. Allow to stand 48 hours with frequent 
-'igil.ition, filter oil 1000 c. c. as clear as possible through a dry filter, and 
e\,n)ortite the filtrate to a small bulk. Transfer to a measuring tube and 
add water to 40 c. c. Determine the nitric acid in 20 c. c. ( = 383-88 gimi. 

0 tie line e.arth dried at 125"). A.s the aqueous extract contains organic 
matter, a method must be cho.scn which is unaffected by the presence of 
sueli matter. Of the older methods Schlosinu’s (p. 84(i) may be employed ; 

on quantity of the humus coal is very considerable, the fluid alone is poured 

tr .r, e * 1 *^ sediment boiled once more with pota-sh lie, befoi'e it is 

u.inf^ierred to the filter. » * 

t In his Entwuif zur Bodenanalyse, mentioned p. 691, E. Wolff only has in view 
viz ^‘^*®ntary estimation relative to the carbonaceous constituents of the soil— 
th u tr ^ tno humus soluble in water and alk.alies, and there can be very little doubt 
Fr sufficient in most cases. To make this supplementary determination 

from 1 *** ^ ^ yvm. of the earth with 100 c. c. solution of potash (containing 

i)()urH\T ^ cent, alkali, according to the proportion of liumus in the soil), he 
it in : uu-'^tore on to a moistened filter (fine-grained sand serves insteati of paper, 

filtr«ffr^ funnel filled with it), and takes 1 or 2 c. c. of the 

Kanate T experiment. This is performed by boiling with an excess of perraan- 
itito P^^ush in alkaline solutitm — the humus acids are thereby entirely converted 
niinitilr water in a short time — acidifying with sulphuric acid, and detor- 

Fr Sm.. 1 of tlie permanganate with a stiundard solution of oxalic acid, 

zo has given a detailed description of the process here indicated. 
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of the more recent processes Fu. Schulze’s (p. 350) 
recoiimieiulcd. 


[§ 260 . 

may he specially 


h. Determination of the Ammonia. 

Froni the iiivestigatioiis of AV. Knop nml AV. AVolf* it ai)])enr,s tliat 
ammonia compounds occur only in very small guantities in soILh Jiu- 
smaller in fact than was formerly supposed. The discropaiicy l)et\veeii the 
new and the old statements is caused by the metliods ; Knuf and Wdif 
emidoyed a process whicli precluded the conversion of other nitron-onous 
bodies m the soil into ammonia. If we really intend, Avhile inakin.r our 
determination ol the ammonia in the soil, to include whatever of tliis^suh- 
stance is readily formed by the action of alkalies or lime in the cold wo 
may employ SciiUisiNu’s jirocess (p. 157, b). F. AVolff reconiincii(i,s to 
take 100 o-rin. of the soil and to moisten it unilbrmly with 75 e. c. olbu/r/ 
and fafilu concentrated solution of soda. In -IH hours the whole of the 
ammonia which is obtainable in this manner will have been as a rule 
exjiclled. The mass is then stirred with a glass rod and placed again niider 
the bell with a disli containing a fresh portion of standard acid f alter 
4(S hours, you may see whether a furtlier (piantity of ammonia has het a 
expelled. 

Hut if you wish to confine your determination to the ammonia actually 
present in a^soil, the aln^ady mentioned investigations have shown that the 
nietliod ol Knop and Woi.f alone can Ik; dejiended ujion.j’ 

lake a Ijotth' ot cabout olM) c. c. ca]>acity, In cm, high, and (S cm. dinnictcr. 
The short neck should have an internal diaiiH'ter of 1*5 cm. The nioutli 
should be ground. On this fits a ground di.sk of lead from 1 to 2 cm. 
thick. The latter lias tw’o pinlbrations corresponding to the two opciiinw 
ot a caoutclioiie cap, with wdiich the liotth; is to be closed. Into this vessel 
introduce a ([uantity of air-dried fim; earth, which cori e.sjionds to 200 grin, 
of the earth dried at 125°, mix with it 250 c. c. of a clear satnraird .solu- 
tion ol borax, I place the lead (‘over on the top, and then over it the 
caoutchouc cap. The caj) should be })reviously fitted with two glass tubes 
fi inches long, and drawn out above to fine ]»oints, but not sealed. 'I’ic 
the joints. Place the V(_*s.sel tbr twenty minut(‘,s in water, Avhicdi .should 
r(;ach above the caoutchouc cap, and which jio.ssc'sses the tc'inperature 
ot^ the air in the apartment, s(‘al the ])oinl.S of the drawn out tiihes, 
without warming the; ves.s(d, and shake for 5 miriut(;s.j| d’lieii break oil 
the point ol one ot the gl.a.ss tubes, at which generally a little air enters, 
because the borax soluti(.m has abscjrbed ga.ses 'which were condensed in the 


* Cheni. Cuntralhl. ISGO, tilO. 

f It is ba.sed upon tho well-known a(;tion of excess of alkaline liyj)oclil<'ntc on am- 
monia salts, in virtue of which the whole of nitrogen of the ammonia is lilioratoil. 

+ Ihe solution of borax Ls intended to counteract tho contraction, wiiich is al\v.'iy.s 
ol)servc(i, when fluids containing cau.stic alkalies are Hliaken with earth, the cause of 
the contraction being the coinbiiiatiori of the constituents of tho clay with alkali. 
'J ho borax ful^y effects tho object in view, without depriving tho alkali of its power ef 
retaining carbonic acid, which i.s essential to our purj)o8e (Chem. (leiitralbl. 

Sob and 537). If the borax solution coutaiiis traces of ammonia, these must bo deter- 
mined and subsequently deducted. 

II According to Knop and AVolf it is easy to perform this operation in such way 
that the tubes shall not be stopped, by shaking the contents of the bottle frequently 
from the bottom towards the lead plate. The use oi two glass tubes in the caoutchouc 
cap is simply this, that tho arrangement can be used for a greater length of time. 
AVhen ono tube has become too short by repeated sealing and breaking oil, the socoiid 
is employed. 
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eartli, especially carLonic acid. Kemove the caoutchouc cap and introduce 
into the bottle a glass, containing 50 c. c. of an alkaline broniized solution 
of hypochlorite of soda, which is sullicient to decompose 0'2 gnu. chloride 
of ammonium.* 

Tie down the Tndia-rubbor caj) again, place the apparatus for 15 minutes 
in the water of knowi^ temperature, .seal the point of* the tube, without 
warming the vessel, shake for 5 minutes — the oxidizing agent mixes with 
the Huid in the llask, and in the pre.scnce of ammonia salts, the disengage- 
ment of nitrogen which ensues causes the exj)ansion of the cap — replace 
the ap})aratus for 15 minutes in tlie water, connect it with the flexible 
tnho;> of the properly prepared azotometer (p. lig. 81), break oil the 
point of the tube in the caout(‘houc tube, and then, having convinced 
your.sell that the cap lies clo.se to the lead and that tlie temperature of the air 
has not altered, determine the volume of the nitrogen. Kcduce it to 0'^, 
7(50 mm., and tlui dry condition and calculate the weight from the datum 
in Table V. at the end of the volume.f 

c. of the Nitrogm contained in organic compounds. 

Estimate? the total amount of nitrogen by igniting a portion of the air- 
dried soil with soda-lime (§ 187) and deduct the sum of the amounts pre- 
.sent as nitric? acid and ammonia. The remainder is to be added to tho 
amount of organic matter (calculated according to 7, u, from the carbon). 

9. Determination of the Water tehich is more finnlij comhined. 

Igrdte a few grammes of the line earth, dried at and pre.servod in 1, 
in a jd.'itinum crucible in a .slanting position, till the organic subsLanccs are 
completely burnt, tr(?at the residue with a concentral^ed solution of car- 
bonate? of ammonia, evaj)orate to dryne.ss, rejieat the last operation, ignite 
gently and weigh. We thus tind the total lo.ss on ignition. This is 
occasion(?d l)y the more firmly combined 'water, the? organic maUer, and to 
a slight extent also by tlu' ammonia sjdts and the nitrates. The amount of 
more tirrnly comliined watcT is Ibund ajiproximately — on the prcsuiii]»tion 
that the organic matter (?ontains 58JJ carbon — by multijdying the carbon 
by 1*721, adding the total amount of nitrogen and deducting the sum from 
the loss on ignition (E. Wolff). 

1(1. Determination of the Chlorine. 

Shake a (piantity of air-dried fine earth crpiivalent to 300 grm. of the 
line earth dric'd at 125*^ with 900 c. c. water for some time. After 
•18 hours, filter otf -150 c. c., evaiioratc to 200 c. c. and })recipitatc 'with 
silver .solution (§ Itl). 

11. Determination of the uno.vidized Sulphur. < 

Soils trequently coi^tain small (piantitie.s of unoxidized .sulphur, for the 
most part in the ibrm of suljdiides (jiyrites). Thi.s may be readily detected 

This is prepared a.s follows Dissolve 1 part of carbonate of sod;i in l.'i parts of 
''ater, cool the fluid with ice, satur.ate perfectly with chlorine, keeping cold all the 
^liile, and add strong soda solution (of *2,') per cent.) till the mixture on rubbing 
botweeii the fingers makes the skin slippery. Pefore using add to tho quantity 
reepnred for the series of experiments bromine iu the proportion of 2 — 3 grin, to the 
litre, and shake. 

t In the case of small quantities of gas the correction for the temperature is gene- 
rally sutKcient, since that for tension of aqueous vapor and barometric pressure 
scarcely exercises any influence on the result. 
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by determining tlie snlphiiric acid in the unignited soil, and tlion repeat- 
ing the determination on an ignited portion. The latter result will (rene. 
rally be higher than the first (E. Wolff). To determine the unoxi(li^,Yl 
sulphur, moisten 50 grm. ofthe air-dried lino earth in a platinum dish with 
a concentrated solution of pure nitre, dry and lierit gradually to ignition 
The mass smoulders, and the organic matter i» cotnplctely oxi(li 7 .(>(l 
When cold, soften with water, heat in a porcelain dish witli hydrochloric 
acid and a little nitric acid, filter, separate the silicic acid, d(;tGrniine the 
sulphuric acid and from the result deduct the amount found in 
The remainder represents the quantity of unoxIdized sulphur in the 
soil. 


12. Reaction of the Soil. 


Finally the reaction .should be noted. Place a moderat(dy moist lump 
of the fresh soil on sensitive litmus paper, or supersaturate a portion ul'tlie 
fresh soil in a funnel with water and test the fir.st drops that come through. 
If the reaction is acid, see wdiether the red spots on the blue |)a])cr lose their 
color or not. If they do, the acidity was due to Ifee carbonic acid only. 


13. Statement of the Results. 


The results of the chemical e.xamination require judiciou.s arrangoinont, 
otherw’ise they w'ill fail to give a clear repre.sentation ol‘ the coni|)osition of 
the earth. I think the following plan b(?.st suited tor tin; pur|)ose. The 
numbers are only given for a few of tin; constituents, by wmy of illust ration. 
They are arbitrary, but they corrospoml as litr as ])rae.tical)l(i with tliu-se 
assumed in tlie statement of the rcxsiilts of the meehaiiical analysis. 

100 parts of the fine earth dried at 125° contain : — 


95’70 Fixed 
substances. 


4-30 . 

Combu.stiblc 
or volatile^ 
substances. 


Lime 


Soluble in cold 
hydrochloric acid. 


Decomposable by 
suljduiric acid. 

Undccompowible 
by acids. 


Magnesia, 

Potash, 

. Soda, 

Sescpiioxidc of iron, 
Pho.s[)h()ric acid, 

( arlionic acid, <Scc. 
Alumina . . . 

- Silica, 

Potnsh, rtc. 
j Alumina, 

[ Silica, ttc. 


Nitrogen. Carbon. 


Ammonia Od)j(> ... — 

Nitric acid U’Odf) ... — 

Acid.s of humus • — ... P20 

Coal of ditto — ... 0’20 

Other organic subsftinccs . . 0'050 ... 0’58 

Chemically combined water ) 

and loss J 


P80 


12-00 


0-02 

0-11 

2 - 0 (» 

P(HI 

0-50 


Total . . . 0-102 1-98 

7-lB Gravel ) . • • i -i 

2-10 Stone t Associated with the above substances in the air-dried soi ■ 
5*03 Moisture J 
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Here may follow the supplementary results, viz., constituents soluble in 
weak menstrua, reaction, &c. 


It is incliapensablo that the results of the mechanical and chemical 
analyses should be si^plcmented by a statement of the most important 
physical relations of the soil. And here it will not be enough to note 
those conditions to which attention was formerly confined factual and 
apparent specific gravity, jiowcr of retaining water, &c.) but \ve must in 
addition determine the capacity of the earth for removing from tlieir 
aqueous solution certain important articles of the food of plants, more par- 
ticularly ammonia, dissolved silicic acid, pofeish salts, phospliates, &c. 

Having simply called the student’s attention to this point, I will refer him 
to SciiiruLEH* and Fu. ScuuLZK.f The determination of the capacity of' a 
soil to absorb matters may be made by v. Liebig’s mctliod.f Wolff’s 
pamphlet previously mentioned (p. ClH) contains very comprehensive 
directions regarding the determination of the physical properties of soils. 

* Grund.satzo der Agricultur-Chemie. Th. II. 
t Joum. f. prakt. Chem. 47, 241. Z Aiinal. d. Chem. u. Pliarm. 105, 113. 
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I SPEAK lierc simply of the manures wJiicli owe their origin to the urine 
excrements, hlood, bones, Ac., of animals, or are j)re])ared l)y tin; (iG('u]n- 
j)Osition of apatite, Ac., by acids. The examination of maiinres lias cliielly 
a practical object, and demands accordingly sinijile methods. The value 
of a manure depends niion the nature and condition of its constituents. 
The following con. stitu cuts arc the moist important : — organic matters (cha- 
racterized by their carbon and nitrogen), ammonia salts, nitrates, phos- 
phates, suljihate.s, silicates, and chlorides with alkaline and alkaline earthy 
bases (pota.'^.sa, soda, lime, magnesia). To tlie.se substmiccs we knmv llic 
efiicacy of a manure is owing, but as to the condition in which ihey 
exercise the most favorahde action, our views are niu<‘h le.ss clear; indeed 
it is obvious that a univer.s<'dly ap])licablc and valid rule cannot well be 
laid down in this re.spect; since (he agricidturist sometimes wdshvs a 
manure containing most of its const ilueiits in a state of solution, which 
will accordingly exercise a sjxu'dy fertilizing action,* and sometinics one 
which will only gradually supply the soil with the sulistamu's I’cipiii-cd liy 
the jilants. As regards the insoluble materials of manures, it may he 
sahdy asserted tliat their value advances in projiortion as their degiee of 
division ii^reases. 

I will here give 1, the outlines of a general method of exaiiiinatiou 
applicable to almost all kinds of manures; 2, methods of valuing guano 
and manures prepared from bones, apatite, Ac. 

A. Genf.kal IbmcEss. 

§ 2G8. 

]\Iix the manure uniforndy by chnpj)ing and gi-inding, then Aveigh oil 
.suecessivudy the several }>ortions recpiired for the various estimalions. 

1. iJetarninafion of the iru/cr. — pry JO grm. at 12r>°, and det(‘rniiuc 
the loss ol’ weight (§ 28), (It is rarely lU'ce.s.sary to make' a coi rection on 

9 account of the carbonate of ammonia which esca[»(‘.s with the water, j) 

2. Total Amount of fj-rd Con.sfifiienf.'t. — Incinerate, at a gentle heat, a 
weighecl portion of the residue left in 1, in a platiinim di.di (p. 1182, 2), or 
in a large platinum crucible placed in an oblicpie position ; moisten the 

* This sort of manure may, however, readily prove injuriou.s to tender pl.antfl, if 
ap[)lied in too largo quantity, without proper dilution of water, and in dry weather. 

t If you want to do so, dry the manure in a boat iriflerted in a tube ; the tube is 
heated to 100° in the water- or air-batb, a current of air being tran.sniitted through it, 
by means of an aspirator ; the air enters through concentrated sulphuric acid, anc 
makes its exit through two U tubes containing standard oxalic acid. After dryiugi 
the quantity of ammonia expelled, which has combined with the oxalic acid, is deter 
mined (§ 99, 3). 



ANALYSrS OP MANURES, 


705 


§ 268 .] 

•isli a solution of carbonate of ammonia, dry, ignite gently, and 
weigh. 

3. Coristituents soluble in Water ^ and insoluble in Water. — Digest 10 grra. 
of the fresh manure with about 300 c. c. water, collect the residue on 
a weighed filter, wash, dry at 125°, and weigh. The weight found 
expresses the total quaiJtity of the substances insoluble in water, and tlie 
(lillerence — after deducting the water found in 1 — gives the amount of 
the soluble constituents. Incinerate now the insoluble residue, treat Avith 
carbonate of ammonia, as in 2, and weigh; the weight expresses the 
total amount ol‘ tlie fixed constituents contained in tlie insoluble part, and 
the dilfercncc betweem tliis and the asli in 2 gives the total amount of 
fixed constituents contained in the soluble part. 

4. Fixed Constituents si/njl)/. — Dry a larger portion of the manure, and 
treat it by one of the methods given for tlie preparation and analysis of 
the aslics of plants. 

5. Total amount of Ammonia. — Treat a weighed portion of tlie manure 
by Sciit.osing’s method (p. 157, b*). 

0. Total amount of Nitrogen. — Moisten a weighed portion of tlie manure 
witli a dilute solution of oxalic acid in sufHcient rpiantity to impart a 
feebly acid reaction ; dry, and determine the nitrogen, in the entire mass 
or in a Aveighed portion, after § 1 87. If you diKluct from tlie total amount 
of nitrogen so found the quantity corresponding to the ammonia and the 
nitric acid, the difference shoAVs the quantity of nitrogen contained in the 
organic substances. It is generally sullicicnt, hoAvcver, to knoAV the total 
ainoiuit of the nitrogci;. 

7. Total amount of Carbon. — Treat a portion of the dried residue of 1 
by the jirocess of organic analysi.s (§ 191). Jf‘ the dried manure contains 
carbonates, determine the carbonic acid in a siqiarate portion, ai\d deduct 
tlio result from the total amount olitained by the organic analysis ; the 
difference shoAvs the ({uantity of carbonic acid formed in the latter process 
by the carbon of the organic substances. The method described pp. CdiO-l 
may also be cnqiloy'cd ; in that case, if carbonates are present, alloAv tlie 
sulphuric acid to act at first alone, till all tlie carbonic acid has escaped, 
and then add the chromic acid and connect the evolution flask Avith the 
absorption ajiparatus. 

8. Nitric Acid . — Treat a Aveighed portion of the manure with Avatcr, and 
mjiorate the solution, Avith .addition of pure carbonate of soda to distinct 
alkaline re.iction ; filter after some time, then evaporate the filtrate to a 
small bulk, and determine in fractional parts of it the nitric acid. As the 
solution Avill scarcely ever be free from organic matter, employ' either 
8cjiL(isiN(i’s (p. 310), or Fu. Sciiulzk’s method (p. 350). 

9. Sulphur Compounds. — Should a manure contain unoxidized sidphur, 
ueterniine the total amount of sulphur in ;i jiortion by the method given 
P-701, 11- then heat a second ])ortion Avith dilute hydrochloric acid, 
mfer, and estimate the sul])huric acid in the filtrate; this Avas present 

such in the manure. The unoxidized sulphur is represented by the 
JOfercnce. 

Small quantities of ammonia are determined with dccaiormal sulphu ;ic acid. 


11 . 
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B. Analysis of Guano. 

§ 269. 

Guano consists of the excrements of sea-fowls, more or less altered. It 
not only varies very considerably in quality in tjic diHerent islaiul.s from 
which our su[)plics are derived, but is often also fraudulently adulteniit;,! 
witli earth, brick-dust, carbonate of lime, and other matters. 

The guano is mixed as uniformly as j)ossible, and that which is intended 
for analysis is put into a stoppered bottle. 

1. Detcrmin<(tioii of the Water. — This is etTccted exactly as on p. 701(lj 
In exact analyses the carbonate of ammonia must not be overlooked— (see 
note). Genuine guano loses from 7 to 18 per cent. 

2. Total amount of Jired Constituents. — Incinerate a weighed i)ortio]i in 
a porc(dain or platinum crucible i)laced in a slanting position, and \vei'!;li 
the ash. Good guano leaves from 30 to 33 per cent, of asli, ounno 
of bad (piality from 00 to 80 per cent., and a wilfully adulterated article 
often even more. The ash of genuine guano is white or gray. A yellow 
or reddish color indicates adulteration with loam, sand, or eartli. In the 
first stage of the decomposition by heat, good guano emits a strojig ainmo- 
niacal odor and white fumes. 

3. Constituents soluble in Water., and insoluble in Water.* — Heat 10 grin, 
guano with about 200 c. c. watt'r, collect the residue on a weighed liltiT 
without delay, an<l wnish it with hot water, until the water running oil' 
looks no longer yellowish and leaves no residue when evaporated ii[m)u 
platinum foil ; dry the residin', and weigh. Deduct the sum of tlio waUr 
and the residue from the weight of the guano ; the remainder expivssrs 
the amount of the solulde constituents. Incinerate the residue and ao Igh 
the ash ; the diflerenco shows the amount of the fixed soluble salts. Widi 
very superior .sorts of guano, the residue insoluble in water ainoiinls to 
from 5(1 to ho per cent., willi inferior sorts, to from 80 to 00 jier eL'iii. 
The brown-colored a([ueous solution of genuine guano evolves aiiiiiioiiia 
upon evaporation, emits a urinous smell, and leaves a brown saline mass, 
consisting chiefly of sulphates of soda and potassa, chloride of anmioniiiiu, 
oxalate and jdiosphate of ammonia. 

4. Fixed Constituents sinn!//. — As in § 208. 

h. Total amount of A nanonia. „ 

0. 'Total (nnount (f Nilrotjem. ,, 

7. 'Total amount of Carbon. „ 

8. Nitric Arid. „ 

* Although this determination is not without its value, still it mu.st bo rnoiifiimol 
that the quality and quantity of the conHtitueut^4 solublcM'ri water aro hy no 
constant for the same guano. In fact, v. Idchig (Annal. d. Chern. u. Pharrii., 1 1’' 

has shown that the kin<l of salts which {)ass into solution varies according to wlicllitr 
one filters the solution off immediately or after some time. Jn the first case, the solu- 
tion contains much oxalate and little f»hos|)hatc, together with some sidpliate o 
ammonia; in the second case, the oxalate of ammonia is more or less cowplum v 
replaced hy phosphate of ammonia, the oxalic acid having comhined with lime m 
resi<luo. The cause of thi.s interesting deportment is that phos|)hate of lime, alt loviu > 
when in contact with oxalate of ammonia and wciter alone it scarcely .siiilcis uii|< 
change, is very soon converted into oxalate of lime, with formation of phospha u 
amruoida, when sulphate of ammonia (or chloride of ammonium) is also present. 
sulphate of ammonia renders the phosphate of lime somewhat soluhle, the (hsso 
part is at once precipitated hy the oxalic acid, and the 8uli)hatc ot aiumoina is 
enabled to act afresh upon the phosphate of lime. 
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9. Carbonic Arid. — Employ one of the methods § 130, II. ; e yields the 
most accurate results. Genuine guano contains only a small proportion of 
carbonates. If, therefore, a guano effervesces strongly when moistened 
^vith dilute hydrochloric acid, this maybe regarded as a proof of adultera- 
tion with carbonate of lime. 


10. Uric And . — If it is wished to ascertain the quantity of uric acid 
which a guano contains, treat the part insoluble in water with a weak 
solution of soda at a gentle heat, filter, and acidify the filtrate with hydro- 
chloric acid, to precipitate the uric acid. Collect on a weighed filter 
wash cautiously with the least possible quantity of cold water, dryland wengb! 

11. Oxalic Acid . — As a])peara from the note to 8, the oxalate of am- 
monia in guano plays an important part with respect to tin* solution of the 
phosphate of lime. It is, therefore, freqiumtly a matter of interest to 
determine the oxalic acid. This is best done in a separate portion after 
p. 289, d, /3. A little dilute sulphuric acid is first made to act Uj)on the 
guano, till all the carbonic acid is expelled, the suli)huric acid is then 
neutralized with solution of soda free from carbotiic acid, the manganese 
is added and the decomposition is effected with dilute sulphuric acid. I 
prefer to conduct the decomposition in the apparatus figured p. 301, collect- 
ing the carbonic acid in a weighed soda-lime tube. 


As the manuring value of a sample of guano may be estimated, with 
.siiflicicnt accuracy, from the phosphoric acid and nitrogen Avhich it contains, 
the analysis is often considerably shortened, and confined to the followiim^ 
processes : — ^ 

a. Deterniination of Water (see 1). 
h. Detei'mination of Ash (see 2). 

c. Dvterniinafiim of Phosphoric Acid . — Mix 1 part (1 or 2 gnu.) of the 
sain])le of guano with 1 jmrt of carlmnate of soda and 1 jmrt of* nitrate of 
potassa; ignite cautiously, dissolve the residue in hydrochloric acid, eva- 
l)orate to dryness on the water-bath, treat with hydrochloric •acid and 
water, filp-r, add ammonia to the filtrate to alkaline, reaction, then acetic 
add until the phosphate of lime is redissolved, and lastly — without pre- 
viously filtering off the very trifling preci])itatc of idmsphate of sesipii- 
oxidc of iron — acetate of sesqiiioxidc of uranium, and determine the 
tliosphoric acid as directed p. 270, c. 

d. Dcfcnninatho} oj Xifro(j(>n^ afb'r § 187. — As mixing the guano in the 
mortar with soda-lime W'ould be attended wuth esca])e of an appreciable 
mnouiit of ammonia, it is advisable to effect this operation in the combus- 
tion tube, with the aid of a wire (comp. p. 4G8).* 


C. Analysis of Ronk Dust. 


§ 270. 

fhero are three sorts of l)onc dust. 

1. The ])ow'der obtained l)y the grinding of more or less fi’esh bones, 
'V’inch is generally very coarse. 


flue 1 1** ^'^^flvisablo to determine the nitrogen in guano, by measuring the gas j®r)- 
{al)on ^ u-otion of hyjiochlorite of soda, and indeed witli guanos of good quality 
only r ^htrogen) this method would be quite inadmis.sible. Tlio nitrogen is 

auim elementary form, for what belongs to the oxalate of 

bbntrUlbl^ 13(50* ^264^^ cunqdetely liberated (W. Knop and W. Wolf, Chom. 

z z 2 
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IT. Tlie powder obtained by the grinding of more or less decave] 
bones. * ^ ‘ 

III. The powder of bones which, previous to the operation of grinding 
have been submitted to the action of boiling water, or higli-prcssure 
steam. 

I. is very coarse, and contains a relatively lar^e proportion of fat and 
of gelatigenoiis matter. 11. is considerably poorer in organic suhstanc(‘.s 
III. is much finer than I. and IF. ; it contains hardly any fat, and is some- 
what poorer in gelatigenous matter. 

1. Examine tlie powaler, in the first place, by careful inspcctio]), siftiriff 
and elutriation, to ascertain the degree of comminution, and the presence 
of foreign matters. 

2. ])( tcrmi}iation of the Water . — Dry a sample at 1 25°. 

»3. Total amount of fixed Constituents. — Ignite, about .5 grm., with 
access of air, until the ash aj)pcars white; moisten witli carlx)natc of am- 
monia, dry, ignite gently, and weigh the residue. 

4. Fixed Constituents sinf i/. — Treat the asli of 3 with dilute hydro- 
chloric acid, filter off the insolid.dc portion (sand, t^c.), and determ iiu;; the 
sescpiioxide of iron, lime, magne.‘^ia, and phosphoric acid in the solution as 
directed § 259. 

5. Nitrogen. — Ignite 0’5 — (V.S grm. with soda-lime (§ 1(S7). 

6. Fat. — Exhaust 5 grm. of the sample (ground as finely as pos.sihle), 
by boiling witli ether, and dry the rosi<lue at 125° The loss of winglit 
minus the moisture found in 2, shows the amount of fat. By way of con- 
trol, the etlier may he distilled off, and the residual lilt weighed, care being 
taken to leave no water under the fat. 

7. Deduct from the total weight the sum of the fixed coiistituoiits, car- 
bonic acid, water, ami fat; the diHenmce expresses the gelatigenous matter, 

8. Detlrminc the carbonic acid after p. 300, e. 


D. Analysis of SupEiipiiosniATE, 

§ 271. 

Substances which contain basic phosphate of lime in a difiicultly soluble 
condition, are oftim converted into so-c.‘dlod su/ier/d/ospliate,, Jor the ])Ui’- 
pose of rendering the pliosjdioric acid soluble, and conserpicntly more 
readily acce.ssilde to [daiits. This is done by subjecting them to the action 
of a certain (piantity of acid, usually sulphuric (occasionally associated 
witli hydrochloric), by which sulphate of lime (and chloride of calcium), 
and pho.sphoric acid are formed.* 

The following bodies are cmjiloyed for tin* pn'jiaration of .superphos- 
phate, viz., spent liorie-lilaek iVom sugar ndimuh's, coprolite, ajiatitc, 
Baker guano, pnaujiitated liasic jihosphale of lime from glue worhs, and, 
more randy, bone dust. 

As it is unusual to emjiloy enougli acid to set the whole ol the ]dios- 
phoric acid free, the siqierphosphatcs generally consist of mixtures oi 
sillphate of lime (and chloride of calcium), basic pho.spliate of lime, phos- 
phate of si'squioxide of iron, phosphoric acid, and water. Carbon oi 
organic matter (cout.ainiug nitrogen) i.s frequently also jire.sent. I hen 
quality is very variable, according to the raw material enqdoyed and tlie 

* Comp, Eeinh. Weber, Pogj^. Aiinal. lOP, 505. 
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method of treatment, but they all agree in this, that they consi.st of sub- 
stances (<^/) readily soluble in water, (i) dilllcultly soluble in water, and (c*) 
insoluble in water. 

Before we can judge of the value of a. superphosphate it is ab.solutely 
necc.ssary te) know, not mertdy the quantity ol the constituents, but how 
they are combined amUiow they deport themselves with solvents; hence 
the analysis becomes somewhat complicated. 

1. Dry about 3 grm. of the sample at 100 — 180°. The loss of weight 
expresses a, the moisture ; b, the water of the su/jphafe of lirne. 

2. Triturate 10 grm. of tlie undried superphosphate in a dish with 
cold water by the aid of a pi^stle, till all the lumps are comph'tely broken 
down, allow to settle, pour off the clear supernatant fluid through a filter, 
and repeat the (‘xtraction with cold water, till tin? fluid no longcu’ shows 
acid reaction. Dilute the aqueous solution so obtained to 500 c. c., and 
dry the residue at about 100°. 

3. Divide the aqueous solution^ wdiich generally appears yellow from 
the presence]of organic matter, into 4 portions, viz., n, by andc, of 100 c. c. 
each, and of 200 c. c. 

a. Evaporate in a platinum di.sh, adding, after some time, cautiously, 
thin milk of lime just to distinct alkaline reaction; ju'oceed with the 
evaporation, dry the residue at 180°, and weigh ; ignite the weighed 
residue and weigh again : the ditference l)etween the two weighings ex- 
presses the quantity of organic matter in the aqueous solution. Boil the 
residue with pure lime-water, then with wat(*r, filter, p-recipitate the 
sulphuric acid from the filtrate by addition of a little chloride of barium, 
then the baryta and lime l)y carbonate of ammonia, and determine the 
alkalies as chlorides according to p. 3G2, 16. 

h. Precipitate with chloride of barium, and determine the sufhuric acid 
in the usual way (§ 132, 1., 1). 

c. Serves for the (hTermination of any hydrochloric acid after § 141. 
Organic matter, if })r(‘sent in large (juantity, i.s d(*stroyed as in d. 

d. Add an excess of car])onate of soda and a litth* nitrate of potassa, 
and evaporate to dryness in a platinum dish. Ignite the residue gently, 
thou soften with water, rinst* into a l)eakt*r, add hvdrochloric acid, and 
apply a g(mtle heat until com])h‘t.e solution is tdleeted. Add to the clear 
fluid, ammonia, then acetic, acid in excess ; filter oT the phosphate of sesqui- 
oxide oj iroUy and divide the filtrate into two e(pial portions. Determine 
in one the phosphoric avid with ur.aninin solution either gi'avimetrically, 
after p. 27(», c, or — if you prefer expe<lition tt) great accuracy — by the 
volumetric method, p. 277. Estimate in the other portion the lime and 
viwjnesia as directed p. 3(58, 33- 

4. Transfer the residue of 2 to a Aveighed platinum dish, add the ash of 

the filter, dry at 180°, and weigh. The weight exjn-esses the total amount 
of substances insoluble, in Avater. Noav ignite gently, with acce.ss of air, 
until the whole of the organic matter and charcoal is burnt; the loss of weight 
indicates the amount of these latter. ^ 

5. Boil the residue of 4 Avith dilute hydrochloric acid ; after boiling for 
some time, dilute Avith water, filter, and dilute the filtrate by means of the 
washing water to \ litre; treat the insoluble residue as directed in 7. ^ 

b. Of the hydrochloric acid solution obtained in 5, measure off two 
portions, one of 50, the other of 100 c. c. In the former determine the 
sulphuric acid, in the latter the jdiosqdiate of sesquioxide of iron (if present), 
hine magnesia, and phosqihoric acid, as in 3, h and c/. 
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7. Dry, ignite, and weigh the insoluble residue of 5. It generallv 

consists only of day^ and silkic acid. To make quite sure, however 
boil with concentrated hydrochloric acid ; should some more sulpliate of 
lime be dissolved, determine the amount of this in the solution. Treat the 
insoluble residue as directed p. 631, /, to sejjarate the silicic acid ifom 
tlie clay and sand. • 

8. Lastly, determine the nitrogen in 0*8 — 1 grm. of the superphosphate 
(§ 187). In arranging the results, it must not be forgotten that tlio 
nitrogen is part of the organic matter previously determined. 

9. Should the superphosphate contain an ammonia salt, detennine the 
ammonia as directed p. 156, 3, a. 


As regards the sbitement of the results, the following plan presents a 
very good bird’s-eye view of the analysis : — 

Anhydrous 


/ Hydrate of phosphoric acid (3 H 0, PO,) 
Constituents Lime, 

I Magnesia, 


dissolved by, or com* 
bined with, the free 
phosphoric acid 


Sulphate of lime (CaO, SO, + 2 aq.) 


readily solu- 
ble in water. I Sesquiox. iron, 

V Potash, 

Constituents ^ 
difficultly 
soluble in 
water. ; 

Constituents 
soluble in 
acids. 

Constituents 

insoluble in j- Clay and sand 2 '49 

acids. ) 

Organic constituents and carbon 6 '51 

Moisture 29 '15 


16'15 . 

0*60 ... — 

42-00 ... - 


phoHphorio Nitro. 
acid. g(.Q_ 

1170 ... - 


Phosphoric acid 2T9 ... 2']9 ... — 

Lime, \ combined with the \ 

Magnesia, I- phosphoric acid to more > I'Ol ... — .. — 

Sesquiox. iron, ) or less basic salts ) 


— ... 0'41 


lOO'OO 13-89 0-41 

It will be seen that we calculate the sulphuric acid found in solution and 
residue into suljdiate of lime, and add both the quantities together. The 
residual quantities of lime in the solution and the residue, i.e., the portions 
not combined with sulphiu-ic acid, are then put down as above. II’ the 
superphosphate was prepared with sulpliuric and liydrochloric acids, tlie 
chlorine in the aqueous solution is to be calculated into chloride of calcium, 
and the limo corresponding thereto + the lime combined with sulphuric 
acid is to be deducted from the total quantity found in tlic ucpicous 
solution. The remainder is then to be put down as dissolved by, or 
combined with, phosphoric acid. 

E. Analysis of Bone Blac^. 

§ 272. 

Bone black is extensively employed for decolorizing and removing the 
lime from the juice in the preparation of beetroot sugar, and in therdining 
of“^ne sugar. When freshly prepared it consists of a mixture ol bcuio 
earth with 7 — 10 per cent, of carbon, but on use it takes up lime, coloring 
matter, mucilage, &c., from wliich it is treed during the process ot rcani- 
mation, by washing, treating with hydrochloric acid, washing again, drying 
and igniting. When at last it? is thoroughly used up, or “ spent, it 



ANALYSIS OP BONE BLACK. 


711 


.§ 273 .] 

passes ln<''0 the manure manufactories, and is then generally applied to the 
preparation of superphosphate. As the bone black is much altered and 
contaminated by the numerous operations through which it passes, its 
value varies very considerably, and can only be estimated by analysis. 
Again, before being submitted to the revivifying process, bone black 
always requires testing, ^ in order that it may be known how much hydro- 
chloric acid it is necessary to employ ; in this case we have to find the 
quantity of the lime which is not combined with phosphoric acid (and 
which is usually present in the form of carbonate of lime). 

I shall proceed to describe, in the first place, the ordinary method of 
analyzing bone black, and then Scheibler’s j)rocess for determining the 
carbonate of lime.* 

General Process. 

1. Dry 2 — 3 grm. at ICO — 180°. The loss of weight indicates the 

moisture. 

2. Dissolve 5 grm. in the flask a of the apparatus figured p. 301, and 
determine the carbonic acid as there described. 

3. Piltcr the solution obtained in 2 through a weighed filter, wash the 
residue, dry at 100°, and weigh. This will give you the sum of the char- 
coal, the insoluble organic matter and the mineral impurities insoluble in 
hydrochloric acid (sjuid and clay). Now ignite the dried filter with access 
of air. This will give you the sand and clay as the residue. The charcoal 
and insoluble organic matter is found by diflerence. 

4. Make the filtrate obtiuned in 3 up to 250 c. c. and determine in 
100 c. c. iron.) lime) magnesia) and phosphoric acid) in 50 c. c, the sulphuric 
acid that may be present, and in the last 100 c. c. the alkalies possibly 
present according to § 250. 

5. Dissolve another weighed portion of the substance in dilute nitric 
acid, dilute and determine in the filtrate the hydrochloric acid possibly 
present. 

Sciieibler’s Special Process for determining the Carbonate of Lime 
OR THE Carbonate of Lime and Caustic Lime.-)- 

§ 273. 

The ingenious apparatus employed is represented by fig. 182. A con- 
tains the carbonate to be decomposed. The decomposition is effected by 
raising the bottle, as shown, and thus causing the hydrochloric acid in the 
gutta-percha tube S to run out. The glass stopper to A is well ground, 
and also greased ; it is perforated througli the middle and a short glass tub6 
is cemented into the opening. The liberated carbonic acid passes through 
this, the India-rubber tube r and a glass tube cemented into one of the 
perforations of the stopper of the bottle B) and finally enters the bladder A", 
which is made of caoutchouc of the thickness of letter paper, and is con- 
nected air-tight with the glass tube communicating with A. -A^nother hole 
in the stopper of B is closed with a pinchcock, and the middle hole is con- 
nected with the glass tube u. The latter leads to the measuring apparatus. 
This consists of the graduated glass tube (7, of 150 c. c. capacity ^nd 

* This process is in general use in the sugar manufactories of Germany. 

t Anleitung zur Gebrauclie dos Apparates zur Bestimmung des kohlensauren Ka1k< 
«rde in dor Knochenkohle, &c., von Dr. 0. Scheibler. Printed in manuscript, 
Berlin, 1862. 
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bottle Af remain permanently connected ; it is therefore advisable to fix 
them to the wooden stand by metal histening.s. The stand should also 
carry a thermometer. 

Each experiment is commenced by filling the tubes C and T) to zero 
with water. This is done by blowing in at v, the stopper of A being 
removed. As soon the column of water stands a little above zero, 
close P, and then slightly opening it again, allow water to droj) out till the 
object 13 attained. It is hardly necessary to mention that the blowing 
air into v and the handling of the pinchcock require caution, for if the 
water were to pass through u into the whole apparatus would have to 
he taken to pieces and the water removed. While the tube C is filling 
with water, the expelled air passes into i?, and compresses the caoutchouc 
bladder. It this does not take place to a sufficient extent, blow cau- 
tiou.sly into li at till the bladder is completely collapsed. In experi- 
ments that follow one upon another, the bladder always empties itscdf 
Should it happen that the bladder is on any occasion empty, before the 
water in tlui tubes has reached zero, then the water in the tubes would 
not stand in equilibriuni. In such case open q for a moment. The ex- 
periment should be made in a room in which the temperature is as 
constant as possible, and care should be taken that the apjiaratus is not 
exposed to the din^ct action of the sun, or the radiant heat of a stove, 
for sudden changers of temixTature during the experiment would of course 
interfere with its accuracy. 

Put the very finely powdered portion of carbonate into the perfectly 
dry decomposing glass A, fill the gutta-percha tube with 10 c. c. hydro- 
cliloric acid ot 1T2 sp. gr., ])lace the tube cautiously in tlie decomposing 
glass, and then close the bottle with the well-tallowed stopper. Here the 
uater will sink a litth* in C and rise in i>; open q for a moment, and the 
Cfiuiiibrium will be restored. Now note the thermometer and barometer, 
gia.sp the bottle with the right hand round the neck to avoid warniinn^, 
laise It, incline it slightly so that the hydrochloric acid may mix with 
t iG substance gradually, and at the same time with the left hand regulate 
i , so that the waiter m the two tubes may he kept at exact h/ the mme 
itigld continue these operations icithout intermission till the level of the 
water m C does not change for a fcAV seconds. Now bring the cidumns 
m C and I) to exactly the same height, read off the lieight of the water 
i>U(l note wh(,-ther the temperature has remained constant. If it has, the 
number of c. c. read off indicates the liberated carbonic acid ; but as a 
small quantity has been dissolved by the hydrochloric acid, it is necessary 
to make a correction. Sciieiri.eu has determined the small amount of 
carbonic acid which rmnains dissolved in the. 10 c. c. hydrochloric acid 
•It the mean temperature, and he directs to add OaS c. c. to the volume of 
le carbonic acid read off. Lastly, the volume being reduced to 0°, 700 mm. 

condition (comp. § 198), the weight is found from the datum 
ni Table V. at tjie end of the volume. 

1 you want to dispense wuth all corrections, you may biJgin each set 
nl establishing the relation bct\vecn the carbonic acid 

> ainecl in the process (/.c., the CO^ actually yielded + 0*8 c. c.) and pure 
I*^ J weighed quantity of finely pulverized and dfied 

ce and spar). This relation is of course dependent on the temperature 

pressure prevailing on the particular day. Let ua take an example, 
om U’2737 gnu. carbonate of lime, containing 0T20128 grin, carbonic 
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ackl, were obtained G3‘8 c. c. (including the 0*8 c. c.\ and in an analv 
of dolomite, under the SJime circumstances, from 0*2371 substance >vcre 
obtained 57*3 c. c. (including the 0*8 c. c.). 

Now 63*8 : 57*3 : : 0*120428 : = 0*10816. Therefore 0*287] ^rm 

substance contains 0*10816 00,,, therefore the dolomite contains 45 ■(]•) 
per cent, of carbonic acid. • 

For determining the carbonate of lime in bone black the proc(‘ss is 
exactly similar. The bone black is previously dried and poivdeml m 
finehj as possible. The quantity taken must be such Unit the. anion at of 
carbonic acid obtained may not be too small ; about 3 grm. of tlu' 
substance may be considered as the correct quantity. SciiEiiiLEa inakes 
the addition of a normal weight to his apparatus, and in his paniplilct he 
has given tables which facilitate the calculation. If a bone black contains 
hydrate of lime, moisten the portion weighed oif in a porcelain disli witli 
10 — 20 drops of carbonate of ammonia, evaporate to dryness, heat tlie 
residue somewhat more strongly (but by no means to ignition), and 
transfer without loss to the decomposing bottle. The process is very 
expeditious, and in careful hands yields excellent results. 
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In the analysis of atmospheric air we usually confine our attention to the 
following constituents : oxygen, nitrogen, carbonic acid, and aqueous 
vapor. It is only in exceptional cases that the exceedingly minute 
(piantities of ammonia and other gases — many of which may be assumed 
to be always present in infinitesimal traces — are also determined. 

It does not come within the scoj>e of the present work to describe all 
the methods which have been employed in the capital investigations made 
in the last few years by Biu'NXKiq Bunsen, Dumas and Boussingault, 
Kkgnault and Reiset, and others. To these methods we are indebted 
for a more accurate knowledge of the composition of our atmosphere, 
and excellent descriptions of them will b(‘ found in the w^orks below.* 

I confine myself to tliose methods which are found most convenient in 
the analysis of the air for medical or technical purposes. 

A. Determination of the Water and Carbonic Acid. 

§ 275. 

It Avas formerly the custom to efTect these d(‘terminations by Brunner’s 
inethud, which consisted in slowly drawing, by means of an aspirator, a 
measured volume of air through accurately weighed apparatuses tilled 
Avith substances having the proptuTy of retaining the aqueous vapor and 
the carbonic acid, and estimating tliese Iavo constituents by the increased 
Avciglits of the apparatuses. 

Fig. 1«3 represents the arrangement recommended by Regnault. 

The vessel V is made of galvanized iron, or of sheet zinc ; it holds 
from 50 to 100 litres, and stands upon a strong tripod in a trough large 
enough to hold the whole of the water that K contains. At a a brass 
tube, c, with stopcock is firmly fixed in Avith cement. Into the aperture 
^ Avhich serves also to fill the ap})aratus, a thermometer reaching doAvn 
to the middle of V is fixed air-tight by means of a perforated cork soaked 
in wax. 

The efflux tube, r, Avhich is provi<led Avith a cock, is bent slightly up- 
ward, to guard against the least chance of air entering the vessel from 
heloAv. Tlie CitjAacity of the vessel is ascertained by filling it completely 
with water, and then accurately measuring the contents In graduated 
vessels. The end of the tube c is connected air-tight Avith Fj l)y means 
of a caoutchouc tube ; the tubes A — F ava similarly connected Avith one 
another. A, JJ^ F, and i^Dire filled Avith small pieces of glass moistened 

* AusfUhrlichea Handbuch der anal^rtiachen Chetnio von H. Rose, II. 853 ; Gra- 
ham-Otto’s HusfUhrliches Lehrbuoli der Chemie, Bd. II. Abth. 1, S. 102 et scq. ; 
Handw(irterbuch der Chemie von Liebig, Poggendorff and Wohler, 2 Aufl. Bd. II. 

131 d seq , ; and Bunsen’s Gaaojuetrv. 
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with pure concentrated sulphuric acid, C and I) with moist hydi-ito of 
lime.* Finally, A is also connected with a long tube leading to the 



Fig. 183. 


place from which the air intended for analysis is to be taken. The corks 
of the tuliesare coated over with sealing wax. Tlu* tubes A and J] an; iii- 
tench'd to withdraw the moisture from the air ; they are weighed togetlier. 
C, and E are also weighed jointly. C and J) al)S()rl) the carlionic; 
acid; Hhe afjueous vapor which may have been withdrawn from 
the hydrate of lime by the dry air. F need not be weiglu'd ; it siinj)ly 
serves to protect K against the entrance of a{[ueous vapor from V. 

The aspirator is completely filled with water; c is then connected with 
and thus with the entire system of tubes ; the cock r is opened a 
little, just suiliciently to cause; a slow efflux of water. As the luaLdit of 
the column of water in V is continually dimini.shing, tin* cock must from 
time to time be op(‘n(*d a little wider, to maintain as nearly as ])Ossibl(! a 
uniform flow of water. Wlnm V is completely em[)tied, tin- licight of 
the thermometer atid that of the barometer are noted, and the tiibe.s A 
and and 6', I)^ and E weighed again. 

As the incnaise of weight of A and B gives the amount of water, that 
of (7, yj, and 77, the amount of carbonic acid, in the air which has passed 
through them ; and as the volume of the latt(T (freed from water 
and carbonic acid) is accurately known from the ascertained capacity 

• With regyd to C and D, I have returned to lime, preferring it to pumice satu- 
rated with solution of potash, because, as Hlasiwet/ (Chem. Oentralbl. 185(5, 675) has 
shown, the solution of potash absorbs not only carbonic acid, but also oxygen. In- 
deed, H. Rose had previously made a similar observation. With respect to the other 
tubes, I prefer the concentrated sulphuric acid to chloride of calcium as the absorbent 
for water (see Pettenkofer, Sitzungsber, der bayer. Akad. 1862, II. Heft 1, S. 59). 
Hlasiwetz’s statement, that concentrated sulphuric acid also takes up carbonic acio, 
I have found to be unwarranted. Chloride of calcium does not dry the air completely, 
and, besides, Hlasiwetz says that when it is used a trace of chlorine is carried away 
corresponding to the amount of ozone hi the air (op. cit. p. 517). 
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of F:* calculation is in itself very simple; but it involves, at least 
in very accurate analyses, the following corrections : — 

a. Kcduction of the air in F, which is saturatcal with aqueous vapor, 
to dry air ; since the air which penetrates through c is dry (see § 198, y). 

Reduction of the volume of dry air so found to 0°, and 760 mm. 
(§ ] OS, a and /3). ^ 

Wlien these calculations have been made, the weight of the air which 
has penetrated into V is readily found from the datum in Table V. at 
the end of the volume ; and as the carbonic acid and water have also 
been weighed, th(‘. respective quantities of these constituents of the air 
may now be expressed in per-cents by weight, or, calculating the weights 
into volumes, in per-cents by measure. 

Considering the great weight and size of the absorption apparatus, in 
comparison to the increase of weight by the process, at least 25000 c. c. 
of air must be passed through ; the air inside the balance-case must be 
kept as dry as possible by means of a sufheient quantity of chloride of 
calcium, and tlie a])paratus left for some time in the balance-case, before 
proceeding to weigh. N(‘glect of these measures would lead to con- 
siderable (‘rrors, more particularly as regards the carbonic acid, the 
(piaiitity of which in atmospheric air is, on an average, about 10 times 
less than that of the aqueous vapor (comp. IIlasiwktz, loc. cit.). 

For the exact dctermi/iation of the carbonic acid one of the following 
methods is far better suited : — 

a, Proeexfi sug<jested loj Fr. Mohr, applied and carefulh/ tested hi/ H. v. 
OiLM.f Von Gii.m employed in his experiments an aspirator holding at 
least 90 litres, which was arranged like that shown in hg. 183, but had a 
third aperture, bearing a small manometer. Tin; air was drawn through 
a tube, 1 metre long, and about 15 mm. wide; this tube was drawn out 
thin at the upper end, and at the lower eml bent at an angle of l^O — 150°. 
It was more than half tilh'd with coarse fragments of glass and perfectly 
clear baryta Avater, and tixed in such a position that the long part of it 
was inclim'd at an angle of 8 — 10° to the horizontal. A narrow glass 
tube, fitted into the undrawn-out (uid of the tube by means of a cork, 
served to admit the ;dr. Two small flasks, tilled with l)aryta Avater, Avere 
placc'd between the absorption tul)c and the as[)irator ; these Avere in- 
tended as a control, to shoAv that the Avhole of the carbonic acid had 
heeii retained. When al)out 60 litres of air had sloAvly pass^ul through 
the absorptiim tube, the carboiiati^ of baryta formed Avas filtered off 
out of contact of air, and the tube as Avell as the contents of the filter 
Avashed, first AAuth distilled Avater saturatml Avith carbonate of baryta, then 
Avith pure l)oih'd Avater. Idie carbonati* of baryta in tlu! filter and in 
the tube Avas then dissolved in diliiti* hydrochloric acid, the solution 
evaporated to dryness, the residue getitly ignited, and the clilorine of tlie 
chloride of barium determined ns directed § 141, />, o. 1 eq. chlorine 
represents 1 eq. carbonii’ acid. It is obvious that one maj also deter- 
nune the baryta in tin* hydrochloric acid solution by precipitating Avith 
SAilplmric acid. For filtering the carbonate of baryta, v. Gilm employed 
a double funnel (fig. 181) ; the inner cork has, besides the perforation 
through which the neck of the funnel passes, a lateral slit, AAdiich establishes 


* Or from the quantity of water which has flown from F, as the experiment may be 
altered in tliis way, that a portion only of the water is allowed to run out, and received 
lu a measuring vosseL t Chcin. Ccntralbk 1857, 700. 
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a communication between the air in the outer funnel and the air in tlie 
bottle. 

As, with the absorption apparatus arranged as de- 
scribed, the air has to force its way tlirougli a coining 
of fluid, the manometer is re(piired to determine tlio 
actual volume of the air; the height indicated hy iliis 
instrument being deducted froRi the barometric pres- 
sure observed during the process. 

Fu. Moiih* now recommends as tlie absorbent llviid 
a solution of baryta in potash. This is prop.ired hy 
dissolving ciystals of baryta in weak solution of 
potash with the aid of heat and tillering off tla- enr- 
bonate of baryta which invariably forms in snnill 
quantity. The clear filtrate is accordingly saturated 
'with carbonate of baryta. Moiiu now leaves out the 
Fig. 184. fragments of glass. 

This method afforded v. Gilm very harmonious re- 
sults. Nevertheless, it involves one source of error. lf‘ (dear l)arvla 
water is passed through paper with the most careful possible* exclusion 
of air, and the filter is washml till the washings am* free* from baryta, 
and dilute hydrochloric acid is then poured upon tin* filt<'r, and the 
filtrate thus obtained is evaporated, a small (piantilv of (dilorido of 
barium will be left, showing that a litth* baryta Avas kept baidi by the 
paper. Al. MilLLERj has alr(*ady callmi attention to the capacity of filter 
paper for retaining baryta. 

h. M. Pettenkofku’s ;)roer.s.?.| 

a. and Uciiid^ites. — X known voluim' of air is mad(* to act 

upon a definite (piantity of stand.ard baryta AV.ater (standardized l)v oxalic 
acid solntWm), in such manner that flu* carl)onic jicid is comjtlolidy bound 
by tlie baryta. Tlu* baryta water is tlii'ii ponreil out into a cylinder, and 
allowed to deposit with (‘Xclnsion of air, a part of the (dear fluid is then 
reimnu'd, and the baryta remaining in solntinn is determined. The 
difference between the oxalic acid required for a coi't.ain ([uanlity ol 
baryta water lieforc and after tin* aefion of the air, rc'preseiils the car- 
bonate of baryta fonm*d, and consequently fhe carbonii* acid pi’es('ut. 

Two kinds of baryta watcu' arc used: one contains 21 grm. andtlo' other 
7 grin, crystallized hydrate of barytaj in tin* litre ; these si'rve for the 

* Lclirhucli der Titrinnetliode, 2tid ed. 446. 
t Joum. f. prakt. Chem. 83, 384. 

:J: Ahhandl. der n.aturw, u. tochn. CommisHioii der k. bayer. Akad. der Uiss. TI 1 : 

• •Ann. d. Chom. u. I’harin. II. Supplem. Bd. p. 1. 

II The fiydrate of baryta nuint be entirely free from caustic jjotash, and soda, the 
smallest quantities of which render the volumetric estimatimi iu the presence of o'C- 
bonate of baryta iinpoa.sible, since the neutral alkaline oxalates decompose the alkalm' 
earthy carbonates. When a trace even of carbonate of baryta is*' suspended in t ^ 
fluid — and this *18 always the case when a baryta water which has been used mi 
absorption of carbonic acid is not filtered — the reaction continues alkaline it tr 
smallest trace of potash or soda is present, l)ecau8o the alkaline oxalate iorincd inuiit. 
diately enters into decomposition with the carbonate of l»aryta. A fresh fi'(hl'.^"*'‘ 
oxalic acid converts the alkaline caihonate aifiiin into oxalate, and the fluid is toi 
moment neutral, till, on shaking with air, the carbonic acid escapes, and any ^ 

of baryta still present converts the alkaline oxalate again into carbonate. 
baryta water for caustic alkali, iletermino the alkalinity of a pericctly clear jx'i 
and then of a portion that has been ini\ed with a little pure precipitated carbona e e 
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detomiination of larger and smaller quantities of carbonic acid res]3ec- 
tivcly. 1 c. c. of the stronger corresponds to about 3 mgrrn. carbonic 
acid, of the weaker 1 c. c. corresponds to about 1 mgrni. The baryta 
'waters are kept in the bottle figured p. 198; the tubes h and c contain 
solution of potash on pumicci ; the bottle d may be omitted. 

The oxalic acid solution which serves for standardizing the bar 3 ’ta 
water contains 2*8031? grin, cryst. oxalic acid in 1 litre. 1 c. c. cor- 
responds to 1 ingrm. carbonic acid. The baryta water is standardized as 
: — transfer 30 c. c. of it to a flask and then run in the oxalic acid 
from a Moulds buretti^ with float ; shake the fluid from time to time, 
closing the mouth of the flask with the thumb. The vanishing point of 
tlie alkaline reaction is ascertained with delicate turmeric paper.* As 
soon as a droj) of the fluid placed on the paper dot^s not give a brown 
ring, the end is attained. If you were obliged, in the first experiment, to 
t;ik(‘ out too man}* drojis for testing with turmeric piaper, consider the 
result as only approximate', and make a second experiment, adding at once* 
the wlioh* quantity of o.xalic acid to within 1 or ^ c. c. and then beginning 
to test with ])aper. A third experiment would be found to agree with 
tlu* s('cond to c. c. The reaiuion is so sensitive that all foreign alka- 
liiK' matter, particles of ash, tobacco smoke, Ac. must be carefull}^ gimrded 
against. 

f], '/'he actual yl nu///.s?s. — This nia}* be elTected in two different wa^'s. 

(lu. Take a pc'rfectly dry l>ottle, of* about G litres capacity, with well- 
fitting ground glass stopper, and accmrately det(*rmine tin* capacit}* ; fill 
the bottle, by means of a pair of belloAVs, w*ith the air to be analysed ; 
add 45 c. c. of tlie diluti* standard baryta water, and cause* tin* baryta 
water to spread over tlie inner surface* of the* lioltle, by turning tlu* latter 
al)out, but without much shaking. In the course* of ;d)e)Ut h an liour the* 
whole of the* carbonic acid is al:)se)rbed. Pour the* turbid baryta water 
into a cylinder, close sccure*lv, anel allow to deposit ; then ta,ke out, lyy 
iiit'aiis of a pipe'tte*, 30 c. c. eif* the clear supe*rnatant fluid, run in stanelard 
oxalie; aeiel, multijily the volume useel by 1*5 (as eiidy 30 c. c. e)f the 
original 45 are* e'lnploved in this e*x[H*riment), anel deelucl the proilue;t 
from the c. e*. of oxalic acid used for 45 c. c. e)f the* fre*sh baryta wati'r ; the 
elilference re-presents the* (piantit}’ e>f baryta converteel into carbonate, and 
e;onse(pu*ntly the* amount eif the carbonic acid. If the* air is unusually 
lie'll ill e-arbonic ae*iel, the* ceince'iit rated baryta wate*r is e*m})loye*el. 

hh. Pass the* air through a tube* or through twe) tubes containing 
measured epiantitie*s eef stanelard baryta wate*r anel finish the e*xpe‘rime*nt 
as in (((f, Por passing a definite epiantity eef air we shemld ge*ne*rally enqeloy 
an asjeirateir (p. 710); Pkttknkofeu in his e*xperime*nts with the respi- 
ration a])paratus foi’ce-el the* air liy me-ans e)f small mercurial pumps first 
through the tubes, and then through an ap[)aratus for measuring tlu* gas. ' 
The* form anel arrange*mi*nt e>f the tubes is illustrated by tig. 1S5. Twe) 
S'lch tubes we-re use*el the* first was 1 nu'tre, the se'ee)nel *3 metres long; 
thi-y were* filleel with baryta water — tlu* former with the* streinge-r se)lutie)n^ 
the latter with the weaker. The air is intre)duceel through the short 

baryta. If you use more oxalic acid in tlie second than in the first experiment, 
caustic alkali is ])rosont, and some chloride of barium must he addeel to the baryta 
Water before it can be used. 

* Preparoil with lime-free Swedish filter paper, and tincture of turmeric. The 
«pirit used in making the latter must be free from acid. Dry the paper in a dark room, 
aad keep it protected from the light. It is leiaon yellow. 
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limbs of tlie tubes and is carried beyond the bends by a narrow flexible 
tube, and the glass tubes themselves are so inclined that the bubbles of 
air move on with the necessary rapidity without uniting. The motion of 
the gas bubbles keeps up a constant mixing of the baryta water. 



B. Determination of the Oxygen and Nitrogen. 

§ 27G. 

The method I shall give is that proposed by v. Liebig.* It is based 
upon the observation made by Chevreul and Domkreiner, that pyrogallic 
acid, in alkaline solutioiLS, has a powerful tendency to absorb oxygen. 

1. A strong measuring tube, holding 30 c. c. and divided into J or 
c. c., is filled to J with the air intended for analysis. The remaining ]»art 
of the tube is filled with mercury, and the tube is inverted over that fluid 
in a tall cylinder, widened at the top (fig. 125, p. 484). 

• Annal. d, Ch«m. u. Pharra. 77, 107. 
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2. The volume of air eonfined is measured (§ 12). If it is intended to 
determine the carbonic acid wliicli can be done with sufficient accuracy 
oiily if the quantity of the acid amounts to several per-cents— tlie air is 
dried by the introduction of a ball of chloride of calcium (§ 10), before 
niensiiring. If it is not intended to determine the carbonic acid, this of)era- 
tion is omitted. A quantity of solution of pota.ss{i of 1*4 .sp. gr. (1 part of 
dry hydrate of 'potassa to 2 j^arts of water), amounting to from to of 
the volume of the air, is then introduced into the measuring tube 
by means of a pipette with the point bent upwards (fig. 180), 
and spread over the entire inner .surface of the tube by shaking ' 

the latter (p. 481) ; wlien no further diminution of volume takes JL 

place, tl 1C decrease is read off. If the air has been dried previously (3 

with chloride of calcium, the diminution of the volume expresses 
exactly the amount of carbonic acid contained iri the air; but if it 
has not lieen dried with chloride of calcium, the diminution in 
the volume cannot afford correct information as to the amount of ^ 
the carbonic acid, since the strong solution of potassa absorbs 
aqueous vapior. 

d. When the carbonic acid has been removed, a solution of pyrogallic 
acid, cont4iining 1 grin, of the acid* in 5 or G c. c. of water, is introduced 
into the same measuring tulie by means of another pipette, similar to the 
one used in 2 (fig. 18(1); the quantity of pyrogallic acid einjiloyed should 
be half the volume of tlie .solution of poLisWi u.scd in 2. The mixed 
fluid (the pyrogallic acid and solution of pota.ss;i) is R]irea<l over the inner 
surface of the tube by sliaking the latter, and, when no further diminution 
of volume is oliserved, the residuary nitrogen is measured. 

4, The .solution of p)u*ogallic acid mixing with the .solution of pohassa 
of course dilutes it, causing thus an error from the diminution of its ten- 
sion; but this error is so trifling that it has no appreciable influence upon 
the results; it may, besides, be readily corrected, by introducing into the 
tube, after the absorption of the oxygen, a .small jiiece of hydrate of 
potassa coiTcsiionding to the amount of water in the solution of "the pyro- 
gallic acid. 

f). There is another source of error in this method ; viz., on account of 
a portion of the fluid always adhering to th(‘ inner surface of the tube, the 
volume of the gas cannot be read off with absolute accuracy, lii com])ara- 
tivc analyses, the influence ol this defect ujM)n the results may be almo.st 
entirely neutralized, by tidviiig nearly equal volumes of air in the .several 
analy.ses.f 

fi. Notwithstanding these sources of error, the results obtained by tliis 
method are very accurate and constant. In eleven aiialy.ses wliidi v. 
biEiuG rojiorts, the greate.st ditference in the amount of oxygen found Avas 
between 20-7r) and 21-08. The uumbers given exp)res.s the actual and 
uncorrected results. 

Liebig has (lestfibod a very a«lvantagcous method of preparing pyroerallic acid. 
See Annal. d. Cheru. u. Pharm. 101, 47. t e t, t 6 

K n p. 570, Bunsen employs for the ahsorption of o.xygen .a papier-mach<^ 

ml saturated with a concentiated alkaline solution of pyrogallato of potassa, which he 
inaoduces into tho gaseous mixture attached to a platinum wire. By adopting thiu 
proceeding, the source of error mentioned in 5 is avoided. 


II. 
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T[IE following exorcises are pretty nearly the same as 1 have })een in the 
habit of giving to the students in niy laboratory for some years past ; 

I can theri‘fore safely airirm that all of them may be readily performed, 
and also that the order in which they are arranged has been found to 
answer in practice. 

The principal point I kept in view in the selection of these exercises, 
was that most of them, and more particularly the first, should permit an 
e.xact control of the results. This is of the utmost importance for 
students, since a well-grounded sell’-reliancc is among the most indispen- 
sable requisites for a successful pursuit of quantitative investigations, and 
this is only to l)c attained by ascertaining for one’s, self how near the 
results found approach the truth. 

Now a rigorously accurate control is practicable only in the analysis of 
pure salts of known compo.sition, or of mixtures composed of definite 
proj)ortions of pure bodies. When the student has acquiilul, in the 
analysis of such subst.‘in{a*s, tlu' necessary self-reliance, he may proceed to 
the analysis of minerals or pu'oducts of industry in wliich such rigorous 
control is unattain.able. 

The second point which 1 kept in view in the selection of these 
exercises, was to make them comprise both the more important analytical 
luethods and the most important bodies, so as to atford the studimt the 
0{)])()rtunity of accpiiring a knowledge a.s thorough as possible ot every 
branch of (juantitative analysis. 1 liave therefore not always indicated 
merely tin* most simple methods. 

Organic analysis offers far less variety th.an the analysis ot inorganic 
substances ; tlu*. lexercises relating to the former branch are therefore less 
numerous than those relating to the latter. I would advise the student 
to analyse tlui same organic substance repeatedly until the results are 
quite satisfactory. , 

The student is not to imagine that 1 mean to insist upon the absolute 
necessity of going through the whole of these exercises; the time whicli 
h(! niiiy recpiire to attain ])roliciency in analysis, de]>t‘nds, ot course, 
iipou Ids own abilities. Om* may be a got)d analyst without having tried 
method or determined even/ body. 

I would, finally, warn tlic student against prematurely attempting to 
discover new methods ; he should wait until he has attained a certain 
degree of proficiency in general chemistry, and more particularly in. 
practical analysis. 
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EXERCISES. 

A. SIMPLE DETERMINATIONS IN THE GRAVIMETRIC WAY, 
INTENDED TO PERFECT THE STUDENT IN THE PRAC- 
TICE OF THE MORE COMMON ANALYTICAL OPERA- 
TIONS. 

1. Ikon. 

Weigh, on a watch-glass, about 0*3 grin, of’ line pianoforte wire, nnd 
dissolve in hydrochloric acid, with addition of nitric acid. The acids are 
diluted with a little water. 

The solution is eflected by heating in a moderate sizc'd beaker covered 
with a watch-glass. When complete solution has ensued, and tlie eolor 
ol' the fluid shows that all the iron is dissolved as scs([uioxide (if lids is 
not the case some more, nitric acid must be added), rinse the watcli-ghiss, 
dilute the fluid, heat to incipient ebullition, add ammonia in nioJcrutc 
e.xcess, filter through a filter exhausted with liydrochloric acid, ic. 
(Cornp. § 113, 1, a). 

As the sesquioxidc of iron generally contains a small (piantity of 
silicic acid (partially arising from the silicon in flic wire, ]Kirtially taken 
up from the glass vessels), after it is weighed, dig<‘st witli fuming hydro- 
chloric acid, dilute, collect the silica on a small lilttn*, ignite and weigli. 
The weight is the silica + the ashes of both filters. 

I will point out, here once for all the l)est way of writing down an 
analysis in your book. Our present example is all the better for lids 


purpose from being somewhat complicated. 

Wjpch-glass + iron 10*3192 

„ empty 9*9700 

Iron *3112 

Crucible -f sesquioxidc of iron + silica + filter asli 1 7*0703 
,, empty 10*o7f>I 

'^942 

Ash of large filter *0008 

Sesquioxidc of iron + silica *4934 

Crucible + silica -f ashes of both filters . . . 1(1*5809 

„ empty 1(1*57(11 

” OOIH 

Ashes of the filters *0014 

Silica ^ *0034 


*49134 — *0034 = *4900 sesquioxidc* of iron= *343 iron 
which gives 99 *05 per cent. 

2. Acetate of Lead. 

Determination of Oxide of Lead . — Triturate the dry and non-elllorcsu d 
crystals in a porcelain mortar, and press the jrowtler between sheets e 
blotting paper until fresh sheets Jire no longer moistened by it. 
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rt. Wcigli about 1 grm., dissolve in water, with addition of a few drops 
of acetic acid, and proceed exactly as directed § 116, 1, a. 

}), Weigh about 1 grm. and preceded exactly as directed § 116, 6 
(Dulk’s modification of Berzelius’s metliod). 

PbO .... 111-50 .. . 58-84 

A .... . 51-00 . . . 26-91 

:i aq 27-00 . . . 14-25 

189'50 10000 

3. Arsenious Acid. 

Dissolve about 0 2 grm. pure arsenious acid in small lumps in a middle- 
sized flask, with a glass stopi)cr, in some solution of soda, by digesting on 
the water-bath; dilute, with a little water, add hydrochloric acid in 
excess, and then nearly fill the flask with clear sulphuretted hydrogen 
water. Insert the stopper and shake. If the sulphuretted hydrogen is 
present in excess, the prcnfipitation is terminati'd ; it not, conduct an 
(,‘xcess of sulphurett(‘d hydrog(‘n gas into the fluid; proceed in all other 
respects exactly as directed § 127, 4. 

As 75 . . . 75-76 

O, 24 . . . 24-24 

99 100-00 

4. Potash Alum. ' 

Determination of AUunina . — Press pure triturated potash alum between 
dieets of blotting paper ; w'eigh off about 2 grin., dissolve in water, and 
determine the aluinina as directed § 105, o. * 

KO 47-11 . . . 9-93 

Al/), .... 51-50 . . . 10-85 

4 80, ... . 160-00 . . . 33-71 

24 110. , . . 216-00 . . . 45-51 

474-61 100-00 

5. Bichromate of Potasil 

Determination of Chromium . — Fuse pure bichromate of potash at a 
gentle heat, weigh off *4 — -6 grm., dissolve in water, reduce with hydro- 
chloric acid and spirit of wine and proceed as directed § 130, 1., u, u. 

KO .... 47-11 . . . 31-92 

2 Cr 0 . . . 100-48 . . . 68 08 

# ‘ 

147-59 100-00* 

6. Chloride of Sodium. 

Determination of Chlorine . — Dry pure chloride of sodium by heating 
in a platinum crucible (coinj). p. 31(f), dissolve about 0-4 grin., and 
determine the chlorine as directed § 141, 1., a. 
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. 23-00 . . . 39 34 

. 35-4G . . . 60G6 


58-46 100 00 


B. COMPLETE ANALYSIS OE SALTS IN THE GRAVIMI-] [rk 
WAY; CALCULATION OF THE FORMULAE FROM TJlE 
RESULTS OBTAINED. (§§ 202, 203.) 

7. Carbonate of Lime. 

Heat pure carbonate of lime in powder (no matter wlietlier Iciland 
spar or the artificially prepared substance) gently in a platinum enicildc. 

a. Determination of Lime . — Dissolve in a covered l)cakei', alxait 1 
grm. in dilute hydnuihloric acid, heat gtaitly until the carbonic acid 
is completely e.xpelled, and determine the linn* as directed § 103, 2, h, a. 

b. Determination of Carbonic Acid. — Det(;rmiiie in about 0'8 giiu, 
the carbonic acid after § 139, H., e. 

CiiO . . . . 28 . . . 5(r0() 

CO, ... . 22 . . . 44-0() 


50 100-00 

8. Sni.FiiATj: OF ('orriat. 

Triturat(! the pure crystals in a porcelain mortar, and press the powder 
between sheets of lilotting |)aper. 

a. Determinathoi of Water of Crif.^tallization . — Weigh a bulb \\\U\ 
half fill the Indb with sulpliate of copper,* and weigh again, tlieii place 
the tube i\i an air-l)ath with (»}>enings in its sides (p. 4G, tig. 3(1), and 
proceed as din'cted § 29. When no mt)r(‘ wati*r es(!apes at 120” — 10*', 
and repeated weighings of the Imll) tula' giv(‘ constant results, tin 
diminution of W(*ight e.xpresses tlu' amount of water of erystallizati'iii in 
the salt. An ordinary wide glass tulx- may l)e iistal instead of a bull' 
tube, tin*, sulphate of copper being placed in a boat, and the latt«‘r iiiscrti'd 
into the tube. To guard against (he reabsorption of wat(‘r during tin' 
process of weigliing, the boat should always be weighed in a tube*, closed by 
a cork. Observe that the thermometer n‘a(‘hes to the pro|)er depth in tlic 
air-bath, otlierwise it may not ijidieate the actual temperature of the 
copper salt. 

b. Determination of Water of ffalh;idratioii . — Proci'ed with the sanic 
exj)eriment, but at a. temperature raised to between 250° — 2()(f^ 

•.tdditional loss of weight of the l)ulb tube sutlerc'd in this process, gives 
the amf)Unt of the more strongly combined halhydration water. In order 
to attain the re(|uisite amount of heat it will be neees^iry to use two 
lamps if the pn^ssure of the gas is low. 

c. Determination if Snfphttric Acid. — In another ])orlion of the sul- 
phate of copper (about 1 '5 grm.) determine the sul])huric acid according 
to§132, 1., 1. 

* Tins is effected by puBbing into one end of the tube, down to the bulb, a glass rod 
with paper folded round it, and tilling in the salt through the other end. The tube is 
then resUjred to a horizontal position, and gently tapped on the table; the glass rod is 
withdrawn, and the ends are, if necessarj^, cleaned with a feather. 



EXERCISES FOR PRACTICE. 729 

(1. Determination of Oxide of Copper . — In about 1*5 grm. determine 
the oxide of copper as directed § 1J9, 1, a, a. 


Cii 0 . . 

. . 39-70 . 

. . 31-83 

S O3 . . . 

. . 40-00 . 

. . 32 08 

HO. . . 

. . 9-00 . 

. . 7-22 

4 aq. . ■• . 

. . 36-00 . 

. . 28-87 


124-70 

100-00 


9. Crystallized Phosphate of Soda. 

a. Determination of the Water of Cn/fitalJization. — Heat about 1 grm. 
in a platinum crucible, slowly and moderat(*ly, first in the water-bath, 
then in tin; air-bath, and finally some distance above the lamp (not to 
risihle redness); the loss of weight gives the ainuiint of water of crys- 
tallization. 

h. Determination of the Water ef Constitution. — Ignite the residue of a. 

c. Determination <f Phosphoric Acid. 

a. Treat I’f) — 2 grm. of tin* salt as directed § 134, ct. 

/3. Treat al)out 1 grm. of the salt after § 131, c. 

y. Treat about 0'2 grm. of the salt as dij'ceted § 131, />, ft. 

I recommend the student to perform the determination by each of 
these methods, as they are all in cojiimon use in the analytical labora- 
toiy. 

d. Determination of Soda . — Trent about 1'5 grm of tlie salt after 
§ 135, d, ft. Alter the exec'ss of silver has Ixam separated with hydro- 
chloric acid, the fluid is to be re{)eat(‘dly evaporated to dryness in a 
porcelain dish with hydi'ochloric aedd, to e.xpel all the nitric acid. This 
having been effected, dissolv(‘ tlie residue in a litth' water, transfer the 
solution to a platinum dish, and weigh in this ; comp. § 09, 6, and § 98, 3. 

P .... 7100 . . . 19-83 

2 NaO . . . 02 -00 . . . 17-32 

HO.... 90() . . . 2-51 

24 aep . . . 21G 00 . . . C0-3i 


358-00 100 00 


10. Chloride of Silver. 

Ignite pure fused chloride of silver in a stream of pure dry hydrogen^ 
till complete decomposition is effecled, and weigh the silver obtained. 

I he ignition may be .performeil in a light bulb tube, or in a j)orcelain 
boat in a gUisy, tube, or in a ])orcelain crucible with perforated cover 
(§n5,4). ^ ^ ^ . 

Ihe chlorine may be in this case estimated by difference; if you want 
te determine it directly, tu'oceed as directed § 141, 11., b, 

Ag . . . . 107-97 . . . 75-28 

Cl .... 35-46 . . . 24-72 


143 - 4 ;*. 


100-00 
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11. Sulphide of Mercury. 

Reduce to R fine powder and dry at 100°. 

a. Determination of Sulphur.— Trait about 0‘5 grm. in a little ilusk 
with strong liydrochloric acid, add from time to time small portions of 
eldorate of potassa, expose for some time to the action of a very pjentlc 
heat, in the open air, or under a good hood, aifd proceed as directed 
p. ;3;19, (i. Or treat O'd—I-O grin, by the method of Kivor, Heudant, 
and Daguin (p. 340). The solution of potash should be concentrated (1 
part hydrate of potash tree irom sulphuric ai'id, and 3 parts water); it is 
unnecessary to boil the sulphide with the potash as a ]»repara1ory step; 
the chlorine is jiassed in a slow stream into the warmed Iluid. 9die alkaline 
fluid is acidifi(‘d, heated till it ceases to smell of chlorine, and then pre- 
cipitated with chloride of barium. 

1). Determination of Mercuri/. — Dissolve about 0 5 grm. as hetore, 
dilute, and allow to stand in a moderately warm place until the smell of 
chlorine has nearly gone oil; filter if necessary, add ammonia in excess, 
heat gently for som(‘ time, add hydrochh)ric acid until the wliite pre- 
cipitate of chloride of mercury and amide of mercury is n-dissolved, mid 
treat the solution, which now no longer smells of chlorine, as directed 

§ 118, 3. 

Ilg . . . . 10000 . . . 8(r21 

S UiOO . . . 1379 


liG-00 10000 


12. Crystallized Slii.phate ok Lime. 

Select clean and pmre crystals of selenite, triturate, and dry under the 
desiccator*(§ 27). 

a. Determination of Water . — Alter § 35, g, o. 
h. Determination oj' Sulphuric Acid and Lime (§ 132, II., «)• 

CaO . . . . 28 . . . 32-56 

SO, . . . . 40 . . . 46-51 

2 aq 18 . . . 20-93 


86 10000 


C. SEPARATION OF TWO BASES OR TWO ACIDS FROM 
KACII OTHKH, A.ND DKTKKMlNATlOiNS IN THE VOLU- 
METKIC WAY. 

, 13. Separation of Iron from Manganese. 

Dissolve in hydrochloric acid about ()-2 grm. fine pianoforte wiie, an<l 
about the same quantity of ignited protosesquio.xide of manganesi (pu^ 
jiared as directed § 109, 1, a); heat with a little nitric acid, and sepaja 
the two metals by means of aciMate of soda (]). 3H3, 79)- Deteinuue 
manganese as directed § 109, 1, u. 
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14. Volumetric Determination of Iron by Solution of 
Permanganate of Potassa. 

a. Graduation of the Solution of Permanganate of Pota.^sa. 

a. By metallic iron (fine piano wire), 0*2 gnn. to be dissolved in 
dilute sulphuric acid (y. 187). 

/h By oxalic acid. 0*2 — 0’3 grin, to be weighed off, if you do not want 
to make a standard solution of it (p. 181)). 

b. Determination of the Protoxide of Iron in double Sulphate oj Prot- 
oxide of Iron and A mmonia. 

n. In solution acidified with sulphuric acid (p. 100, ft). 

ft. In solution acidified with hydrochloric acid (p. 191). 

The formula re(piires 18*37 per cent of Fe O. 

c. Determination of the Iron in a JJmonite. 

Powder finely, dry at PX)'", weigh off 5 gnu., lieat wdth strong hydro- 
cliloric acid till the sesquiuxide of iron is completidy dissolved, dilute, 
filter, make the solution up to 500 c. e., and mix. In 100 c. c. of this 
solution determine tin*, iron after p. ()30, Method 111. 

15. Volumetric Determination of Iron with Protochloride of Tin, 

also with Iodide of Potassium and Hyfosulphite of Soda. 

a. In 50 c. c. of tlie solution of limonite pn^pared in 14, c, deter- 
mine the iron after \). (>39, Method I. 

b. In 50 c. c. of the same solution determine the iron after p. 639, 
Metliod II, 

IG. Determination of Nitric Acid in Nitrate of Potassa. 

Heat pure nitre, not to fusion, and transfer it to a tube provided with 
a cork. 

Treat 0*2 to 0*3 gnn. as dinmted p. 345, ft. 

KO ... . 47 11 . . . 46*59 

N Oj . . . . 54*00 . , . 53-41 

lOMl 10000 

17. Sei'aration of Magnesia from Soda. 

Dissolve about 0*4 grm. ])ure recently ignited magnesia* and about 
O f) gnn. pure well-dried chloride ot sodium in dilute hydrochloric acid^ 
(avoiding a large excess), and separate with phosphate of ammonia, atter 
!>• 363, 21. As chlorides are already present, chloride of ammonium 
need not be aiVled. The phosphoric acid is to bi* separated with acetate 
et lead. The soda is ^veighed as chloride ot sodium. • 

18. Separation of Potash from Soda. 

Triturate crystallized tartrate of potassa and s^xla (Koch’elle salt), press 
between blotting jiaper, weigh off about 1-5 grm., heat in a platinum 

* This may be readily prepared by exposing pure oxalate of magnesia to the action 
i^f beat. • 



732 


EXERCISES FOR PRACTICE. 


crucible, gently at first, then for some time to gentle ignition. Tlie car- 
bonaceous residue is first extracted with water, finally with dilute hydro, 
chloric acid, the acid fluid is evaporated in a weighed platinum dish aiul 
the chlorides are weighed togi^ther (§ 97, 3). Then separate them l)y 
bichloiidc of platinum (p. 35(), 1 ), and calculate from the results the 
quantities of soda and potassa severally contained »in the Koehelle salt. 


KO . . 

. . 4711 . 

. lG-70 

NaO . . 

. . 3100 . 

. . 10-99 


. . 13200 . 

. . 4G-79 

8 aq. . 

. . 72 00 . 

. . 25-52 


282T1 

10000 


19. VoLUMKTlJIC DkTKUMINATION OK CllLOlUNK IN ClILORlDKS. 

a. Preparation and examination of the solution of nitrate ol* silver 

(§ 141, I., 6, „). 

h. Indirect determination of the soda and potassa in Koeludle salt, hv 
volumetric estimation of the chlorine in the alkalim' chlorides prepared 
as in No. 18. For calculation, .see § 200, u, ft (p. 523). 

20. Skpakation of Zinc from Cadmilm. 

Dissolve in hydrochloric acid about O' i grm. of jnin* oxide of cadinimn, 
and about the same (piantity of pure oxide ot‘ zinc, both recently igniti'd, 
and separate the iii(‘tals as direett'd p. 401, 123' 

21. Acidimktky. 

a. Preparation of normal sulphuric acid, hydrochloric acid, and suln- 
tioii of soda (§ 215, (ui). 

h. Testing the correctness of the normal suljdiuric acid with pure 
carbonate of soda and of the normal hydrochloric acid with Iceland spar 
(§215,/./.). 

c. Determination of acid in hydrochloric acid, by the spe cific gravity 
(pp. 559 and 583). 

d. Determination of acid in the same hydroehloric acid, by an alkaline 
fluid of known strengtli (§ 215, cv). 

e. Determination of" acid in colored vim^gar, l)y saturation with a 
standard alkaline s(dution. (A])])lication of test papers.) 

f. Preparation of an ammoniacal solution of sulphate of cojipcr (§ 21()); 
determination of its strengtli by normal sulphuric acid; estimation of the 
acid in tin* hydrochloric acid us(*d in c and (/, by imams of the copper 
solution; in this latter process tin* student may also add to the hydro- 
chloric acid some neutral sulphate of zinc. 

22. Alkalimetry. 

a. Preparation of the test acid after Descroizilles and Gay-Lussac 

(§ 219). 

b. Valuation of a pearlash after expulsion of the water by gentle 
ignition. 

a. After Descroizilles and Gay-Lussac (§ 219). 
ft. After Mohr (§ 220). ^ 
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23. Determination of Ammonia. 

Treat about O'S grm. chloride of ammonium as directed § 99, 3, a. 

NII.Cl. . 18-00 . 33-67 Nil,. . 17-00 . 31-80 

Cl . . . 35-46 . 66-33 HCl . . 36-46 . 68-20 

53-46 100-00 53-46 100-00 

24. Separa'iton of Iodine from Chlorine. 

Dissolve about 0-5 grm. pure iodide of potassium and about 2 — 3 grm. 
pure chloride of sodium to 250 c. c., and determine the iodine and 
tiilorine : — 

a. In 50 c. c., after § 169, 2, b (248)- Calculation § 200, c. 
h. In 50 c. c., after § 169, 2, c (249). 

c. In 10 c. c., after § 169, 2, c/ (250). 


D. ANALYSIS OF ALLOYS, MINERALS, INDUSTRIAL PRO- 
DUCTS, ETC., IN THE GRAVIMETRIC AND VOLUMETRIC 
WAY. 

25. Analysis of Brass. 

Brass consists of from 25 to 35 per cent, of zinc and from 75 to 65 
per cent, of coppeu-. It also contains usually small qi^antities of tin and 
lead, and occasionally traces of iron. 

l)iss()lv(‘ about 2 grm. in nitric acid, evaporate on the water-bath to 
dryness, moisten the residue witli nitric acid, add some Avatcr, warm, 
dilute still furtlu'r, and filttu- oil any residual bino.xide of tin (§ 126, 1, a). 
Add to th(! tiltrate, or, if tlu^ quantity of tin is very inconsiderable, 
directly to the solution, about 20 c. c. dilute sulphuric acid ; evaporate 
to dryness on the water-bath, add 50 c. c. water, and apply heat. If a 
residue remains (sulphate of lead), iilter it olT, and treat it as directed 
§ 116, 3. In tlie tiltrate, sc^parate the cop]>er from the zinc by hypo- 
sulphite of soda (p. 404, 127). If quantity of iron present can be 
determined, determine it in tlie weighed oxide ot zinc (§ 160). 


26. Analysis of Solder (Tin and Lead). 

Introduce about I'h grm. of the alloy, cut into small pieces, into a 
flask, treat it with nitric acid, and proceed as directed p. 419, 168? to 
effect the separation and estimation ol the tin. 

Mix the tiltrate in -u porcelain dish with pure dilute sulphuric acid, 
e.vaporat(* the iStric acid mi the water-liath, and jiroceed with the sul- 
phate of lead obtained as directed § 116, 3. Test the fluurtiltered from 
the sul])hate of lead with suli>hure1ted hydrogen and sulphide, of ammo- 
nium for the otlier metals which the alloy might contain besides tin and 
lead. The binoxide of tin may contain small quantiti(‘s of iron or copper ; 
it is tested for these by fusion with carbonate of soda and sulphur 
(p. 418, top). 
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27. Analysis of a Dolomite. 

See § 237. 

28. Analysis of Felspar. 

a. Decomposition by carbonate of soda (§ 140, H., h) ; removal of tlip 
silicic acid ; precipitation of the alumina together witli the small (piantiry 
of sesquioxide of iron by ammonia after § IGl, 4 (114); separation of 
the baryta from the filtrate with dilute sulphuric acid, and tlien of any 
lime th.at may be present with oxalate of ammonia, § 154 (28)- Finally 
separation of the alumina from the sesquioxide of iron generally jaresont 
in small quantity (§ 160). 

b. Decomposition by hydrofluoric acid, p. 306, aa (by Al. Mitsciieh- 

licii’s method) or bb. After separating the sulphate of l)aryta, eva- 
porate with addition of a little sulphuric acid, till no more hydi'o- 
fluoric acid escapes, take up the residue with wjiter, add chloride of 
barium cautiously, as long as a precipitate is forim'd, then — without 
filtering — carbonate of ammonia and ammonia. Let the pn'cipitate 
subside in the cold, then filter, evaporate the filtrate to dryin*s,s, 
ignite the residue to expel the ammonia salts, dissolve in water, add a'uiiii 
carbonate of ammonia and ammonia to efTect the pr(H;i})itation of iIk; 
baryta still remaining in solution, and determine the })otassa finally as 
directed § 97, 3. Should soda also be present, separate the alkalies 
after § 152, 1. * 

29. A'nalysis of a Calamine or Smitiisonite. 

After § 247. 

a. Complete analysis. 

b. Volufnetric determination of the zinc after § 248, 1. 


30. Analysis of Galena. 

a. Determination of the sulphur, lead, iron, &c., as directed § 245. 

b. Determination of the silver after § 246. 


31. Valuation of Chloride of Limf/ (§ 225). 

a. After Penot (p. 610). 

b. After Bunsen (p. 613). — The solutions to be prepared and the sepa- 
^rated iodine to be detennined as directed § 146, 3 (j). 326). 


32. Valuation of Manganese (§ 229). 

a. After FAesenius and Will (p. 615). 

b. After Bunsen (p. 618). 

c. By means of iron ( 2 >. 618). 


33. Analysis of Gunpowder. 

After § 234. 
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34. Analysis of a Clay (§ 236). 

a. Mechanical analysis, p. 628. 

b. Chemical analysis, p. 629. 

35. Analysis of Black Ash. 

After § 224. 

36. Analysis of a Kupfernickelstein. 

After § 243. 

37. Estimation of Chromium in Chromic Ikon. 

After § 241. 

38. Analysis of a Mineral Water. 

After §§ 206 — 213. It will be unnecessary to determine the con- 
stituents that arc present in the most minute quantities. 

39. Analysis of the Ash of a Plant. 

After §§ 255—262. 

40. Analysis of a Soil. 

After §§ 263— 266. 

41. Determination of the Suoar in Fruit, IIo^ey, Milk, or 
THE like. 

After § 250, 1. 

42. Valuation of Tanning Materials. 

After §§ 252—254. 

E. DETERMINATION OF THE SOLUBILITY OP SALTS. 

43. Determin.\tion of the Degree of Solubility 
of Common Salt. 

a. At hailing heat . — Dissolve perfectly pure pulveriz(‘d chloride of 
sodium in distilled water, in a llask, heat to boiling, and keep in ebulli- 
tion until part of the dissoivtal salt separates. Filter the fluid now with 
the greatest expedition, through a funnel surrounded with boiling water 
and covered with a glass plate, into an accurately fared capacious mea- ^ 
suring flask. As soon as about 100 c. c. of fluid have passed into the 
flask, insert the cork, allow to cool, and weigh. Fill tlie flask now up to 
the mark with f/ater, and determine tlie salt in an aliquot portion of the 
fluid, by evaporating in a platinum dish (best with addition of some 
chloride of ammonium, which will, in some measure, prevent decrepita- 
tion) ; or by determining the chlorine (§ 141). 

b. At 14 . — Allow the boiling saturated solution to coqj down to this 
temperature with frequent shaking, and then proceed as in a. 

100 parts of water dissolve at 109*7® . . . 40*35 of chloride of sodium. 

100 „ „ 14® . . , . 35*87 „ „ 
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44. Determination of the Degree of Solubility of Sulphate 
OF Lime. 

G. At 100°. 
h. At 12°. 

Digest pure pulverized sulphate of lime for soipe time with water, in 
the last stage of the process at 40 — 50° (at which tcnuperature sulphate 
of lime is most soluble) ; shake the mixture frecpiently during the pro- 
cess. Decant the clear solution, together with a little of the pr('cipitat(‘, 
into two dasks, and boil the fluid in one of them for some time; 
allow that in the other to cool down to 12®, with freqmmt shaking, and 
let it stand for some time at that tempertiture. Tlum filter holh 
solutions, weigh the filtrates, and determine the amount of siilphat<‘ of 
lime respectively contained in them, by evaporating and igniting the 
residues. 

100 parts of w<ater dissolve at 100® . . 0*21 7 of anhydrous sulphate of lime. 

100 „ „ 12 ® . . 0*233 


F. DETERMINATION OF THE SOLUBILITY OF GASES IN 
FLUIDS, AND ANALYSIS OF (iASEOUS MIXTURES. 

45. Determination of the Absorption-Coefficient of 
S cLPiicRous Acid. 

See Annal. d. Ch^un. u. Pharm., vol. 05, page 1 ; also § 131, 2. 

4G. Analyses of Atmospheric Air. 

See §§ 2^4—270. 


G. ORGANIC ANALYSIS AND DF/fERMINATIONS OF THE 
EQUIVALENTS OF ORGANIC BODIES ; ALSO ANALYSES IN 
WHICH ORGANIC ANALYSIS IS APPLIED. 

47. Analysis of Tartaric Acid. 

Select clean and white crystals. Powder and dry at 100°. 

a. Burn with oxide of copper, after v. Liebig’s process (§ 171). 

b. Burn with oxide of copper by Bunsen’s process (§ 175). 

c. Burn in oxygen (§ 17S). 

C, .... 48 32 

IP ... . 0 *4 

0,3 .... 9G G4 • 

150 100 

48. Determination of the Nitrogen in Crystallized Ferrocyanide 
OF Potassium. 

Triturate the perfectly pure cr/stals, dry tlic powder in the desiccator 
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(§ 27), and dcteniuiK; the nitrogen as directed §§ 18G — 187. Tlie for- 
iiiuln requires ID '87 per cent, of nitrogen. 

49. Analysis of Uiuc Acid (or any other perhictly pure organic com- 
pound of carbon, liydrogeii, oxygen, and nitrogen). 

Dry pure uric acid at. 100°. 

a. Deterniinatioii of the carl)on and hydrogen (§ 183). 
h. Deterniinatioii ol‘ tlie nitrogen. 


rt. After §§ bSG— 187. 



/3. Al'ter Dumas (§ 185). 

' c. . . . . 

30 . . 

. . 35-71 

N, . . . . 

28 . . 

. . 33-33 

11, . . . . 

2 . . 

. . 2-38 

O, . . . . 

24 . . 

. . 28-58 


84 

100-00 


50. Analysis of a Gi ano. 

After § 209, 


51. Analysis of Coal. 

d. D('t(*rminati(>n of the water by drying at 110° 29). 

h. Detei'inination of tin* asli hy Imrniiig a suital)l(‘ quantity in a 
plathinin ci’Ucible jilaced .aslant. * 

c. 1 tetennination ot’ tin* cai'lion and liydrogen by burning wllli cliro- 
iiiate ol lead ISiS and 17f»), or if tin* coal is poor in snlplnir — as 

(lio'ctcd ^ 178, />, witli tin* apj)lieation of a tube of bin;)xide of 
lead (]). 197). 

(i l)ct(‘rndnat ion ol' the nitrog<‘n, after §§ 18G and 187. 

V. I)et(‘ianinalion ol'llic sulphur — 

(t. After V. (j). 198, 1). 

pj. After Cakii s (p. 50t>). 


52. Anai.ysis of Iviiifr. 


rile portion ein|)loyed must have bemi naiden'd anhydrous by diges- 
tion with insed chloride of calcium and recently rcctilied. 

Ih'oci'ss ^ 180. 


48 

.... 10 
C) . *. . . IG 

\ _ 

74 


G4*87 

Idol 

21(;2 

100 00 


53. Analysis and Dhtfiiminaiion of ihk I']qi’ivalfnt of 
Ufn/.oic Acid. * 

c. I)eterndnation of tin* silvin* in benzoat<‘ <4’ silvm' as directed § 115, 
^ **>’ 4. 1), l)('t(‘i inination by any supable method of the carlion and 
ib’drogen in the hydrated acid dried at 100°. Calculation, ^ 203, 2. 
ib . • 3 b 
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54. Analysis and Determination of the Equivalent of an Organic 

Base. 

Analysis of the Ease and its double salt with platinum. Calculnil,,,!^ 

§ 203, 3. 

c 

55. Determination of the Density of Camfiior Vapor. 
Method deseribed § 194. Calculation, § 204. 

51). Complete Analysis of a Ca.st Iron. 

After § 249. 
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ANALYTICAL EX PEDIMENTS. 

1. Action of Wateh upon Glass and Poucelain Vessels, in the Process of 
Evai’OKation (to ^ 41). 

A largo bottle was filled with w.atcr cautiously di.st'llcd from a co[)|^er boiler with 
a till (•ondonsiiig tube. All the experlnieiits iu 1 were made with this water. 

a. 300 c., cautiously evaj>or;ite-d iu a platinum di.sh, ItTi a rc.siduc weighing, after 

ignition, O'OOOS gnu. -•(^•0017 |>er 10<K). 

b. tiOO 0. c. were evaporated, Iniiliug, neai’lv to dryness, iu a wide flask of Pxdieiuian 
gl:i8S ; the residue wa.s transferred p) a platinum dish, ami tin; flask rinsed with iOO 

c. c. (listilleil water, which was added to the '»(;sidue''in the di.sh, the fluid in the latter 
wa.s then evaporated to dryness and the residue ignited. 

Tlie residue wx’ighed . . . . . . . . . O'OlOi grin. 

Deducting from thi.s the quantity of fixed matter originally'bon- 
tained in the distilled water, viz. ...... 0’0012 ,, 


Tlicro remains suli.stancc taken up from the glas.s . . . 0'00fl2 ,, 

- 0*(n.:5.3 per 1000. 

In three other experimont.s, made in the same manner, .300 c. c. left, in two 0*00 19 
grin., in the thirtl 0*0037 grm. ; whicli, caleidated for t)00 c. c., gives an average 

of 0*0090 grm. 

And after a deduction of 0*0012 ,, 

0*0078 ,, 

= 0*01.3 per 1000. 

We may therefore a.ssurno that 1 litre of wat»'r dis.solve.s, when boiled down to a 
small liulk in glass ve.s.sels, alxuit 14 milligrammes of the con.stitueuts of the gla.ss. 

c. (!00c. c. wen' evaporati-d nearly to dryne.ss iu a di.sh of Berlin porcelain, and in all 
other respects treated ;ia in b. 

The residue weighed 0*0015 grm. 

Deducting from this the qii.antity of fixed matter contained iu 

the distilled water, viz. ....... 0 0012 ,, 

'riiero remains substance taken up from the poreelain . . 0 0003 ,, 

^00005 per lOUO. 

2, Action of IIydrochlohic Acid upon Glass and Porcelain Vessels, in the 
Process of EvAPOifATioN (to § 41), , 

3’he distilled water used in 1 was mixed with of pure hydroehloric acid. 

(t. 300 grm., evaiiorated in a platinum <li.sh, left 0 002 grm. residue. 

b. 300 gnu., evaporated fir.st in Bohemian glass nearly to dry ue.s.s, then in a platinum 
^i^li, left 0*0019 re.siiluo ; the dilute hydrochioric acid, therefore, had yot attacked the 
glass. 

c. 300 grm. evaporated in Berlin porcelain, &e., left 0*0036 grm., accordingly after 
dwlucting 0*002, 0 001 6 = 0*00.')3 per 1000. 

In a second experiment made in the .same manner as in r., the residue amounted 
to 0*0034, accordingly after deducting 0*002,* O OiAl = 0*0047 per 1000. 

. 3 B 2 
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Hydrochloric acid, therefore, attacks glass much less than water, whilst porcelain 
is about e(|ually atfected by water and dilute hytlrochloric acid. 1 his shows that the 
action of water upon gla8.s consists in the formation of solublo basic silicates. 

3. Action of Solution of Chloride of Ammonium upon Glass and Porcelain 
Vessels, in the Process op Evaporation (to § 41). 

In the distilled water of 1, A of chloride of ammoniim was dissolved, and the 
solution filtered. 

(t. 300 c. c. evaporated in a plaliiium dish, left 0*000 grm. fixed residue. 

b. 300 c. c., evaporated first nearly to dryness in Pohemian glass, then to (hyncss 
in a platinum dish, left O’OITO 5 dcilucting from this 0 000 grm., Ihcie reiiiains 
gubstitnee taken up from the glass, 0 *0110 — 0’()30/ per 1000. 

c. 300 c. c., treated in the same manner in Peilin porcelain, left O'OITS ; deducting 
from this 0'(06, there remains O-OllS — 0-031)3 per 1000. 

Solution of cblorido of :inimoiiium, therefore, strongly attacks both glass and por- 
celain in the process of evaporation. 

4. Action of Solution of Carbonate of Soda upon Glass and Poiuei.ain 
Vessels (to § 41). 

In the distilkd water of 1, /o of pure crystallized carbonate of soda was dissdvtd. 

o. 300 c. c., supersaturated with hydrochloric acid and evaporated to diynoss in a 
platinum dish, etc., gave 0-0()2G grin, silicic .acid=:0-0().S7 per lOOO. 

b. 300 c. c. were gently boik-d for tlnce hours in a glass vessel, the evaporating 
water being repdaced from time to time ; the tidcraldy concentrated rupiid was tlien 
treated as in a ; it left a residue wedgbing O' 1370 Kini. ; dcdiicLing Ironi this the 
0'U020 grin,, left in tlieie reinain.s O'ldfi gnu.— 0'450 per lOtlO. 

r. 300 c. c. , treated in the same maiinei as in b, in a ))orcelain vessel, left (l OO'Jl); 
deducting fnmi this 0*0020 gnu., there remains 0'0073 -- 0'()2 1 3 i)er 1000. 

Whieh shows that boiling solution of tarhoiiatc of soda attacks glass very strungly, 
and [lorcelain also in a very marked manner. 

fn Water distilled from Glass Vessei.s (to § .^0, 1). 

42 '41 grm. of wat<‘r distilled with extreme eauti*'!) from a tall Hask with a kir.iUG S 
condenses, left, upon evaporation in a platinum disli, a re.siduo weighing, after igiiiiimi, 
O'0018 grm., consetpumtly 

6. Sulphate of Potash and Alcohol (to § OH, a ). 

a. Ignited pure sulphate of pota.ssa was digested C(dd with absolute alcolinl. for 
several ilays, with fietjm.nt. ^lJakiIlg ; tin; fluid was tillere<l otp the filtrate diluliil wiili 
water, and then mixed with chloride of hai iimi. It reniaino.l p^ i kelly t h ar iipuii 
the aildllioii of tliis reagent, hut after the lapse of a considerable time \\ began in 
exhibit a slight opa.ksc<-nce. Upon evaporation to diyness, there remained a vriy 
trillino residue, whi»:h gave, however, distinct indications of the presence ol sulpliuiic 
acid. 

b. The same salt treated in the same maimer, with addition of soino luire vow- 
centrated sulphuric acid, gave a filtrate which, upon evaporation in a i)latinuiii disli, 
left a clearly perceptible fixed residue of sulpliate of potassa. 

7. Deportment of Chloride of Potassium in the Air and at a High Tem- 
per atu re (to ^ 08, c). 

(|•;♦727 grm. of ignited (not fused) pure chloride of potassium, heated for 10 minute 
to (lull redness in an open pl.atiilum dish, lost ()'U()07 gi >'>- J the salt was then hept 
10 minutes longer at the same temperature, when no furt-her dimimition ot weigli 
was observed. Heated to bright redness and .semi-fnsioii, the sdt sullered a. Imt ai 
loss of weight to the extent of O'UOUH grm. Ignited intensely and to perfect lusiun, 

it lost 0'()034 grm,, more. _ r , -h 

Eighteen hours’ exposure to the air produced not the slightest increase ot wcug i • 

6. SOLUBII-ITY OP POTAS.SIO-lJiCHLORIDE OF PLATINUM IN ALCOIIOL (to § 08, d). 

a. In absence of free Jlijdrochloric Acid. 

a An excess of perfectly pure, recently prccipibatod ])()tassio-hieldoridc of l»|-d"'’‘“‘ 
was (lig(:‘st,ed for 0 days at 15 -‘2(P, with ajead.ol of P7'5 percent., in a stoppered Ix'Ua. 
with frcciueiit shaking. 72'5 grm. of t^ie perfectly colorless filtrate left upon evapoM le 
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in a platinum (HhI), a residue which, dried at 100® weipfhed 0 000 grm. ; 1 part of the 
salt requires therefore 12083 parts of alcohol of 07’5 pt-r cent, for solution. 

f3. The same experiment was made with spirit of wine of 70 per cent. Tlio filtrate 
ini'dit be said to he colorless ; upon evaporation, slight blackening ensued, on which 
account the residue was determined as platinum. 75'5 grm. yielded 0 008 grin, 
platinum, corresponding to 0 02 grin, of the salt. One part of the salt dissolves 
accordingly in 377o [tarts of sjdiit of wine of 70 per cent. 

y. The same experiment was made with spirit of wine of .5.5 per cent. The filtrate 
was distinctly yellowish. ()3-2 grm. left 0-0211 grm. platinum, corresj)onding to 0 00 
grin, of the salt. One part of the salt dissolves accordingly in 1053 parts of spirit 
uf wine of 55 per cent. 

h. In presence of free Hytlrochloric Acid. 

Kftcently precipitated potassio-hichloride of platinum was digested cold with spirit 
of wine of 70 per cent., to which some hydrochloric acid had been added. The solution 
was yellowish ; 07 grm. left 0-0140 grm. platinum, which corrcsjxmds to 0-O3G5 grm. 
of the salt. One part of the salt dissolve, s accordingly in 1835 parts of spirit of wine, 
mixed willi hydrochloric acid. 

1). SiM.riiATE OF Soda and Alcohol (to § 00, a ). 

Experiments made vvith pure anhydrous sulphate of soda, in the manner described 
in 0, showed that this salt eumports itself both with jiure alcohol, and with alcohol 
containing sulphuric acid, exactly like tho 8uli>hate of potassa. 

10. Depoutmf.vt of ignited Sulphate of Soda in the Air (to ^ 00, a). 

2'51G0 grm, anhydrous sulplnite of soda were cx[) 0 sed, in a watclnglas.s, to the 
open air on a hot summer day. The lirst few minutes passed without any increase 
of weight, but after tlie lapse of 5 hours there was an increase of ()-0001 grm. 

11. Experimenth with Nitrate of Soda (to § 60, 6). 

(i, 4’5470 grm. pure nitrate of soda, were exposo<i, in a firied state, to the air 
(in Aiuil, in^fine weather) ; after the lap.se of 24 hour.<, there was an increase of 
weight of 0-0000 grm. _ ^ . i- i 

b. 4-5470 grm. pure nitrate of soda were dissolved in water, in a platinum dish, 
and j»ure nitric acid added to the solution ; tho mixture was then evaporate<l to dry- 
ness on the water-bath, ;uid the residue cautiously heated until the inass af the bottom 
of the dish began to fuse. The contents of the dish weighed, alter cooling, 4-0503 
gnu. d'hey were the# again healed to complete fusion, and when cold weighed 
4-5474 grm. 

12. Deportment of Ciilouide of Sodium i.x the Air (to § 09, c). 

4-3281 grill, of chemically pure, moderately ignited (not fused) chloride of sodiunn 
wdiieh had been cooled under a bell-glass over sulphuric acid, acquired dining 45 
minutes’ exposure to the (somewhat moist) air, an increa.se of weight ot 0-00u9 gim, 

13. Depor'I'ment of Chloride of Sodium upon Ignition by it.self and with 
CiiLoKiDE OF Ammonium (to § 09, c). 

4-3281 grm. chemically pure, ignited chloride of sodium were dissolved in water, 
in a niuderaLe-si/.eil platinum dish, and pure chloride of amnnmium was added to the 
solution, which was then eva[)oratt.‘d and tho residue gently he.-ited until the evolution ^ 
of chloride of ammonium fumes had apparently ceased. 1 lie residue weighed 4 o3, 
giin. It was then very gently ignited for .about 2 minutes, and after this rewoigheO 
when the weight was foiSid to bo 4-3314 grm. A few minutes’ ignition at a red 
heat reduced the VVeight to 4-3275 grm., and 2 miiiute.s’ further ignition at a bright 
red heat (upon which occasion white fumes were seen to cscajie), to 4-8219 grm. 

14. Deportment of C.vrbonate oe" Soda in the Air and on Ignition (to 
§ 09, d). 

2 1001 grm. of moderately ignited chemically pure carbonate of M>da were exposed 
to the air in an o['en [ilatinum dish in .Inly in bad weatlier, after 10 minutes the 
weight was 2-1078, after 1 hour 2-1113, after ^5 hours 2-1257. _ 

1-4212 gnu. of moderately ignited chemically pure carbonate of soda were ignited 
for 5 minutes in a covered platinum crucible, <10 fusion took place, and the weight 
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was unaltered. ITeated more strongly for 5 minutes, it partially fused, and ilici, 
weighed r42()2. After being kept fu.sing for 5 minutes, it vveighetl l'41du. 

15. Depoktment of (Ihlokide of Ammonium upon EvAroiiATioN and 1)u\ix(; 
(to § 70, a). 

0'56‘2r) gnu. pure and perfectly dry eliloride of ammonium was dissolved in wat:). 
in a platinum disli, evapi>r:ited to dryness in tlie water-batji and (*oni|dot( ly di i,.,i . |]| , 
weight was now found to ho ()'.5(>22 gim. (r.atio lOO : PO 'Jl). It w as again heatcil j',,,. 
15 minutes in the water bath, and aftervvards reweighed, when the weight was fniital 
to he 0 '5lil2 gnu. (r.atio 100 ; 00-77). Exposed once more for 15 rninntes to the saniv 
temperature, the re.sidue weighed 0-500.S grin, (ratio lOO ; OO-OO). 


10. Solubility of Ammonio-Eiciilobidi-: of Pi.atinum in Alcohol (to § fii t', 
a. In absence of free If i/dinjchloric Acid. 

a. An cxeess of perfectly pure, recently precipitated anunonio bii Iduride of |ilatliii,iii 
w-as dige.sted fur 0 days, at 15 — ‘2u°, wdtli aleohul of 07‘5 J»er cent., in a stoppcixi 
bottle, with frequent agitation. 

74'3 grm. of the perfeetjy cidorless filtrate left, upon evaporation and igniiion in ;i 
platinum dish, 0-0012 grm. platinum, corresponding to 0-(H,)-i8 of the salt. One jiait 
of the salt requires accordingly 2G5;’>.o parts of alcoh(d of 07’5 per cent. 

/3. I’he same ex}>eriment was made with spirit of wine of 70 per cent. The tiltiate 
was distinctly yellowish. 

8I-75 grm. left 0-0257 platinum, which corres[>onds to 0-0584 gnu. ef the s.ilt, 
One [»arL of the salt dissolves aee»trdi ugly in 1400 parts of s[)ii-it of wine of 70 pn' 
cent. 

y. The same experiment w-as ma«le with s|»ii-it of wine of 55 per cent. The filti.-ile 
W'a.s distinctly yellow. Slight hlaekening ensneil upon evaperation, and .nO-O gnu, 
left 0-U304 platinum, which correiiponds to 0-(l.'s27*2 grm. of ihe^alt. (,'on.sL‘i|Ueiiily, 
1 i)art of the salt di.s.solves in 005 p;ii ts of spirit of wine of 55 per cent. 


b. In in'LSinc.e of Ilndrorhlurie Acid. 

The (^xpenment <!eseril)ed in /d was ri'peatcd, with this inodificati"n, tleil s'sim' 
hydrochloric acid was addt d to the spirit of w ine. 70-5 grm. left. O'O.nUl grin, et 
platinum, which coris>poiids to 01 lO'.' grm. of the salt. 072 parts of the aeidifiel 
spirit had thertiforo disselvcil 1 part of the .salt. 


17. Solubility of Cabbonatk of Eahyta in Water (toJi71,M. 

a. In Cold ]V(if(r . — IVrfeelly pure, recently pi-eeipitate<l Hfc. O, < ' < w as dige.stnl 
foi- 5 (lays with water of 10 — ‘2<.>"', w ith fic(jU( nt sli.-dviiig. The uiixtuie w.i.i lilteidl, 
and a portion of tin* filMati; tested with sidphurie acid, anotlii-r portion with ainimsiia ; 
the lornier ne-igent immediately produced turliidit.y iu the tlnid, the )alt( r euly alt' i' 
tlie la|)>-e of a conHiderahk* time. 84-8-2 grm. of tin; solution left, up' ii ev.ipisatieii, 
O'OOOO l>a 0, C Oj. 1 [*;irt of tliat s;dt dissohes cunsespjeiitly iu 14107 I'ai t.-^et cold 
water. 

b. Ill Hot, Wairr. — 'Hh' . same carhonate of hai-yt;i laiing hoiled for 1 0 niinutes witli 
pure distilled w-ater, gave a filtrate m.-inifesting the same reactions as (hat |nv)ian'd 
with cold water, and reinaining [»erfectly clear upon cooling. 84-82 grni. "1 Ih'- 1'"^ 
solutioif left, upon evapoiation, O-OOd.O grin, of c:irl)onate (d haryta. Due pail ol that 
salt dissolves therefore iu 15421 parts of hoiliug water. 

18. Solubility of Carbonate «>f Baryta in Water containino Am.vionia a.nb 

Carbonate ok A.mmoma (to ^ 71, b). 

A solution of chemically j>uro cldoride of barium w-as , mixed with ammonia and 
carlsmate of ammonia in excess, gently heated and allowed to st^nd at rest for - 
hours ; the fluijl was then filtered off; the filtrate remained perfeetTy clear upon ai u 
tion of snl|duiric acid ; hut after the lapse of a very eon.siduialde time, a hauHy [ai 
ceptihle precipitate separated. 81-82 gun. of the filLrjite left, u|»on evapoi.iU'jn *'* 
a small jdatinnm dish, and suh.setpient gentle igniiion, O'OOOO grm. IpaiLe >v 
sail had con.seipiently di.ss<dved in 141000 parLs of the fluid. 

f 

19. Solubility of Silico- Fluoride of Barium in Water (to 71, <’)• 

a. Becently precipitated, ihorougldy washed silico- fitioride of harium was digeestol 
for 4 d.'iy.s in cold water, with frefjnent shaking ; the fluid W'as then filteied e , <d 
portion of the filtrate tested with diliifh sulphuric acid, auolhcr purliun with so u 10 
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of Ralph, ate of lime ; both reagents produced turbidity— the former immediately tlm 
latter after one or two Kcconds— precipitates separated from both portiot.s after the 
lapse of some time. 84 ‘82 gnu. of the filtrate left a residue which after beimr 
iliuroughly (haed weighed 0-()228 grin. 1 part of the salt had consequently reo aired 
3802 parts ol cold water for its solution. 

h. A portion of another sample of recently precipitated silico-fluoride of barium was 
heate.l with water to boiling, ami the solution allowed to cool (upon which a portion 
of the dissolve.l salt sepa.atcd). 'J’he cohl fluid was left for a considerable time 
longer in contact witli the undissolved salt, and was then filtered olf. The liltrate 
showed the same dcixntment with solution of sulidiate of lime as that of a. 8 j's2 
gnu. of It lett 0-025 gnu. One jart of the salt had accordingly di.s.solved in 3302 
parts ol water. 


20. Solubility of Silico-Fluoride of Barium 
IfvDuociiLOHic Acm (to § 71, (■). 


Water acidutlp with 


a. Keccritly precipitated pure silico-fluorido of barium w-as digestfsl with frequent 
agitation for 3 weeks with cold water acidified with hydrochloric acid. The filtr.atc 
gave with sulphuric acid a rather copi».u.s jnecipitate, 84*82 grm. left 0-1155 n-nn of 
thonnigdily dried residue, which, calculated as .silico-Iluorulo of barium, gives Tsli parts 
ot fluid to I part of that salt. 


h. Kccently precipitated imre silico-fliioiide of barium was mixed with water very 
.slightly acidified with hydrochloric acid, and the mixture heated to hoilin<^ Cooled to 
12 , 81-82 grm. of the liltrate left a residue of t)-1322 grm., which gives'oiO parts of 
tiimi to 1 part of the salt. ^ 

NMl. The solution of silico-flnoridc of barium in bvdrochloric acid is not eftected 
without dccompo.sition ; at least, the residue contained, even after ignition, a rather 
large pr()[)oi tion of chloride of barium. 


21. Solubility of Sulphate of Strontia in Water (to ^ 72, a), 
a. hi ir«fe?’ of i l'g • ’ 

8T82 grm. of a solution prep.arcd by 4 day.s’ digestion of recently ])recipit.ated .sul- 
jBiate of strontia with water at the common temperature, left 0;(H23 grm. of sulphate 
(.) .strontia. One part of Sr 0, S 0_, dis.solves consequently in fiit'o parts of water. 

h. Ill Tlau'tr of 1 00'’. 

84-82 grm. of a .solution prepared by boiling recently ]>recipitated .sulphate of strontia 
sevend hours with water, left (1-0038 grm. Comsequently 1 part of Sr 0, SO., di.ssolves 
111 iMjo8 parts ol boiling water. 


22. SoLUBlI.lTY OF SULPIIATF, OF StboNTIA IN WaTER CONTAINING HyDUO- 
uiiLuBic Acid and Si-lphi kic Acid (to ^ 7*2, «). 

ISrolso" solution prepared by 3 days’ digestion, left 0-0077 grm. 

/a 42-41 grm. of a solution prepared by 4 days’ digestion, left 0*0030 grm. 
e. I’lire e.arl>oiiate of strontia was dissolved in an excess of liydroehloi ic acid, and 
p'oeipitated w ith an exce.^s ef sulpliiiric acid and then allowed to stand in 
Die eol,l loi- a lurtniglit. 8 l-,8-2 gnu. of the filtrate left U UOdt; gnu. 

In a. 1 p.ai t of Sr O, S O. required 11010 parts. 

6-1 M 11780 „ 

1 o M 32701 „ 


^Ican . . 11802 p.arts. 

23. Solubility of Sulphate op Stuontia in dilute Nitric Acid Hydro- 
‘ nuouu’ Acid, AvWD Acetic Acid fto § 72, a). 

c. Iiecenlly precipitated pure .sulphate of strontia w.as digested for 2 days in the cold 
'' ■th nitric aeid tif I’S j)er cent. 150 grm. of the filtrate left 0-3151 grin. 1 part of 
Uie .salt required accordingly 435 parts of the dilute aeid for its .solurion ; in another 
cxpei iiuent 1 ])art of the salt wa.s found to require 420 parts of the dilute acid. Mean. 
^32 jiartfl. ’ 

f>. Ihc .same salt was digested for 2 days in the cold w ith liydroehloi ic acid of S'S 
IT*. iL’ft 0-2115, and in another experiment, 0-21 04 gun. 1 jiart of 

le salt requires, accordingly, in the mean, 474 pans of hydioehluiic acid of 8*5 per 
t-'ent. for its solution. . 
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r. The same salt was digested for 2 days in the cold with acetic acid of per 
cent.T, 11 0. 100 grm. left 0*0126, and in another cxperiiuent, 0 0120 grin. 1 

of the salt requires, accordingly, in the mean, 7843 parts of acetic acid of l/l o p,,j. 
cent. 

24. Solubility of Oarbonatk of Strontia tn Cold Water (to § 72, 1 ). 

Kecenily precipitated, thoroughly washed Sr 0, (■ 0.^ was digested several days with 
cold distilled water, with frequent shaking. 84‘82 grin? ot the filtrate left, iqion 
evaporation, a residue weighing, after ignition, 0*0047 grin. 1 part ol carbonate of 
strontia requires therefore 18045 parts of water for its solution. 

25. SoLUBiiJTY of Carbonate of Strontia in Water containing Ammonia 
and Carbonate of Ammonia (to § 72, 5). 

Recently precipitated, thoroughly washed carbonate of strontia was digested for 
four w’eeks with cold water containing aininonia and earl>oiiate of ammonia, with 
frequent shaking. 84’82 grin, of the filtrate left 0'0015 grin, Sr 0, ( ' O^. Conse- 
quently, 1 part of the salt requires 56545 parts of this fluid for its solution. 

If solufitm of chloritlc of strontium is precipitated with carbonate of ammonia and 
ammonia as directed § 102, 2, a, suljihuric acid produces no turbidity in thy liltiate, 
after addition of alcohol. 

26. Solubility of Carbonate of Lime in Cold and in Boiling Water (to 
§ 73, b ). 

a. A solution prepared by boiling as in 26, 5, w’as digested in the cold for 4 week.s, 
with frequent agitation, with the undissolved precipitate. 84 ‘82 gnu, left O OlKNij 
Ca 0, C Oj. 1 part therefore required 10601 part.s. 

h. Recently precipitated Ca O, C 0^ was boiled for some time with distilled water. 
42*41 grm. of the filtrate left, upon‘ evaporation and gentle ignition of fin; residin;, 

0 0048 Ca 0, C Oo. 1 I'art rcijuin's consequently 8834 parts ol boiling watiT. 

27. SoLURit fty of Ca 0, C in Water containing Ammonia and Caiuionate 
of Ammonia (to § 73, 5). 

Pure dilute solution of cldoride of calcium w'as jirecipitatcd with carbonate of 
ammonia and amnioni.a, allowed to stand 24 hours, ami tln'ii Idteuxl. 84'82 grni. kdt 
O'0ul3 grm. Ca 0, C O.^. 1 jiart require.s conse(|uently 65246 parts. 

28. BePOATMKNT of fbVRDONATE OF LiME Ui’ON IGNITION TN A I’LATINUM 
Crucible (to § 73, 5). 

0*7055 grin, of perfectly dry carbonate of lime was exposed, in a small and thin 
platinum*crucible, to tlie grailually incre.ased, and finally iim.st intense boat ot a ^ood 
Bk.bzelius’ lamp. The crueihle was open and placed oldirpirly'. After the first l.i 
minutes the mass weighed 0*6482 — after half an hour ()*62;>6 -after (tin* hour 0 5.C7. 
which latter weight remained unaltered after 15 miriut.e.s’ additional lieatini^G llii'*i 
coric.s|)oiids to 74*5 percent., whilst the proportion of lime in the carbonate i.s calcu- 
lated at 56 per cent. ; there remained thcreforo evidently still a eonsideraldu amount ot 
the carbonic acid. 

20. CoMi’o.siTiON OF Oxalate of Lime dried at 100° (to ?; 73, r). 

0*8510 grm. of thoroughly dry pure carbonate of lime was di.s.solved in liydrocliloiio 
acid; the solution was precipitated with oxalate of aininoiiia and ammonia, am I »c 
precipitate collected upon a weighed filter and dried at lOU", until the weiylit leiiiainy' 
^'onstant. The oxalate of lime so produced weighed 1*2461 gnu. CalealaLiiig tlim 
Ca O, C.^ 0,, I aq., the amount found contained 0*4772 Ca O, which corrcspoiu s o 
56*07 per cent, in the carbonate of lime ; the calculated jho|K)rtion of lime in u- 
latter is 56 per cent. 

30. Defortme^nt of Sulphate of Magnesia in the Air and upon Ii.nition 
(to ^74, a), ^ ^ 

0*81.35 grm. of perfectly pure anhydrous Mg 0, S 0^ in a covered platinum cruu 
acquired, on a fine, and warm day in June, in half an hour, .an increase o ‘ 

0*004 grm., and in the course of 12 hours, of 0*067 grin. The salt could not )C a c 
rately wciglied in the open crucible, owing to continual increase of weigbf. 

0*8135 grin., exposed for some time to a very moderate red heat, sullerea J 
nution of weight ; but after 5 minutes’ ^pofwro to an intense red heat, the sius . 
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was found to liave lost 0'007/> and the residue gave no longer a clear solution 

with water. About 0'2 grin, of pure sulphate of magnesia exposed in a .small platinum 
crucible, for 15 to 20 minute.s, to the heat of a powerful blast gaslamp, gave, with 
dilute hydrochloric acid, a solution in which chloride of barium failed to produce the 
least turbidity. 

31. SoLUMILITY OF THE BaRIC PiIOSPHATE OP MaGNESIA AND AMMONIA IN PURE 
Water (to ^ 7 0). • 

a. llecently precipitated basic phosphate of magnesia and ammonia was thoroughly 
washed with water, then dige.sted for 21 hours with water of about 15“, with frequent 


shaking. 

84 ’42 grin, of the filtrate left 0‘0047 grin. 

of pyrophosphate of magnesia. 

h. The same precipitate was digested in the same manner for 72 hour.s. 

84*42 grin, of the filtrate left 0*0043 „ 


Mean 0*004.5 „ 

which corre.sponds to 0 00.552 grin, of the anhydrous double salt. 1 part of that salt 
dissolves therefore in 1.5293 parts of pure water. 

'fhe coM saturated solution gave, with ammonia, after the lapse of a short time, a 
distinctly perceptible crystalliiK! precipitate ;r-on the addition of pho.sph.ate of soda, 
it remained perfectly clear, and even after the lapse of two days no precipitate had 
formed ; — phosphate of .soda and ammonia produced a precipitate as large as that by 
.aninionia. ( 

32. Solubility of Basic PnospiiATE of Magnesia and Ammonia in Water 

CONTAINING AMMONIA (tO § 71, 5). * 

ft. Pure basic ])hos[ihate of magiie.sia an^l ammonia was dissolved in the least pos- 
sible amount of nitric acid ; a large quantity of w.atcr was athled to the solution, then 
ammonia in exce.ss. MMio mixture w.as .allowed to stand at rest for 24 hours, then 
filtered ; its temper, ature wa.s 1 1“. 84*42 grin, left O-oOlo pyriplio.sphate of niagne.si.a, 
which corresjxmds to 0*00184 of the anhydrous double salt. Conse<juently 1 )>art of 
tlie latter requires 45880 parts of ammoniated water for its solution. 

b. I’urc basic phosph.itc of magnesia and ammonia was digested for 4 wcrk.s with 
ammoniated water, with frequent sbaking ; the fluid (temperature 14°) was then filtered 
off; 120*03 grm. left 0-0021 i)yro))hosphate of ni.agnesia, wliicli corresponds to 
0*00290 of the double .salt. 1 part of it tbereforo dissolves in 4*2780 parts of .ammo- 
iiiatcd wati'i*. Taking the mean *)f a and 5, 1 part of the double salt retpiires 44330 
parts of ammoniated water for its solution. 

33. Another Experiment on the same Sur.if,ct (to § 74, h). 

Ivcccntly j>rcei[)it.ated jdiosphate of magnesia and .ammonia, most carefully washed 
with water containing ammonia, was diss»)lved in water acidified with hytlroeldoric 
acid, ammonia added in excess, and allowctl to stand in the cold for 24 hours. 109 *04 
grm. of tlie filtrate left 0*0031 pyrophospliate of magne.sia, corresponding to 0*0038 
of anhydrous phosphate of magnesia and ammonia. 1 p.art of the double salt required 
therefore 44000 parts of the fluid. • 

34. SOLI’BILTTY OF THE Ba.SIC PhoRFHATR OF MaGNESIA AND AmMONIA IN WATER 
containing Cni.oRiDE OF Ammonium (to 74, b). 

Kcceiitly procipitateil, thoroughly washed basic. phosphate of magnesia and anT- 
moiiia was digeste*! in the cold with a solution of I part ol chloride ot ammonium in 
5 parts of water. 18*41^i.5 grm. of tlic filtrate left 0 *002 pyrophosphate of magnesia, 
which correspomft to 0*00245 of the double salt. 1 part of the salt dissolves there- 
fore ill 7548 parts of the fluid. * 

35. Solubility of the Basic Piiosphatk of Magnesia and Ammonia in 
Water containing Ammonia and Chloride of Ammonium (to § 74, 6). 

Kccently jireeipitatod, thoroughly washed phosphate of magnesi:»and ammonia was 
dige.sted in the cold with a .solution of 1 part i>f chloride of ammonium in 7 parts of 
ammoniated water. 23*1283 grm. of the filtrate left 0*0012 pyrophosphate of mag- 
nesia, which coire.sponds to O O.il 48 of the double salt. I part of the double salt 
requires conaequontly 15(327 parts of the Suidtfor its .solution. 
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36. DFirOTlTMKNT OF AciD SOLUTIONS OF PYUOrilOSniATG OF IMaGNF.SSIA WlTli 
Ammonia (to § 74, c). 

0'3085 i;nn. |iyn>[)lio.sphate of inagrie.sia was treated for several hours, at a lii.-h 
tenjperature, with coocetilrated sulphuric acid. This excrci.sed no pereeptihle aciitu) 
It was only after the addition of some water that tho .salt dissolved. The Ihiid, heated 
for soino time, gave, upon addition of ammonia in excess, a erystaliiue luveipiOitc 
which was filtered olf after IS hours; the quantity of [)yrojdioHj)liale of in;oo,csli'i, 
obtained was O oSur) grm., that is fi.r lS per cent. l*lios[)hale (»f sod.a ju cnliieed Tn tluv 
filtrate a trifiing ))ieoi{>itato, which gave O'OloO gnu. of pyrophosjihate of ma-iusia 
that i.s, S' 76 percent. ’ 

O'oOti.O gnu. pyrophosjdiato of magnesia was dis.solvcd in 3 grm. nitric acid, of V2 
sp. gr. ; the stdution was heated, diluted, and precipitated with ainiuonia : the 
quantity of lyrophosph.ate of magnesia obt.'iined amounted t(» OF) IS.”* giin., th.it is 
OS' i‘2 per cent. ; O' 1075 grin, was treated in the same manner with 7 ‘6 gnu. of tlu' 
same nitric aci<l ; the qu.antity re-obtained was 0'4035 grm., that is, !)!» !!» per cent. 

0'78d grm. treated in the same manner with 1()*'2 grm. of nitric acid, gave 0'77iJo 
grm., that is, 08 '71* per cent. 

Tho result of the.se experiments may be tabulated thus : — 


Proportion of 2 MuO, P 0^ 
lu niirio acid. 

Ko-obtainod. 

boss. 

1 

: i) 

flS'42 percent. 

1 -58 

1 

; 15 

l'!»*10 ,, 

O'Sl 

1 

: 20 

08-70 „ 

1'21 


37. Solubility of fore Macne.sia in W.vter (to § 74, d). 
a. In Cold Water. 


Perfectly j)ure well crystallized sul|»liate of magnesia was dissolved in water, and 
the solution ]'reci[>it:ited with carboiiate of aroinonia and t'auslie ammunia ; the pre- 
cipitut<; was thoroughly washed — in .spite <>f which U still retained a ])ei'eeptlbli' tv.tce 
of sulphuric acid - then dissolved in pure nitric acid, an excess of acid lx ing care- 
fully avoided. The solution was then repria-ipitated with carbonate of anuinniia and 
caustic anunoni.'i, and the precipitate tlioroughly washed. 'I’lie so prepaiCil pcrl'ccUy 
pure basic carbonate of magnesia was ignited in a platinum crucll)le until the urlg,,t 
remained constant. The residuary pure magnesi.'i was th< n digest.-d in the cold J'oi' 
24 hours with di.-.tilled water, with fiexjuent sh.'iking. 'I'lie distilled water used was 
pyifectly free from chlorine, and left no fixed re.sidue upon evaporation. 

( 1 . 8l'S2 grm. of the filtrate, cautiously evaporated in a platinum dish, left a 

residue weighing, after ignition, U'UUiO grm. 1 part of the ptire magiie.sia di.ssolved 


therefore in 56516 

parts of cold wafer. 

The digestion was oontimictl for 18 hours longer, when 

/d. 8 1 -S'd grm. left O ituIO grill. 1 part rc«piired Uua'cforc 53012 

y. 84 ‘82 grm. left 0 0U15 grm. 1 part re<pii red 56516 


Average 55368 

The solution of magnesia prepared in the cold way has a feeble yet distinct alkaline 
reaeiion, which is most easily perceived upon the achlition of very faiinly reddened 
tincture of litmus ; the alkaline reaction of the solution is perfiagly manifest also with 
slightly reddened litmu.s pajiei’, or with turmeric or dahlia pa[)cr, if the.se te.st-papers 
are left for .some time in contact with the solution. 

Alkaline carbonates fail to remh-r the solulii)n turbid, even upon boiling. 

'• Phospliate of soda also fails to impair the clearness of the solution, but if the fluid 
is mixed with a little ammonia and shaken, it speedliy becomes tuibid, and »lei>osits 
after some time a pimccptible j)rcci[>itate of basic jihosphatc (vf magnesia and ammonia. 
h. la Hot Water. ’ 


Upon lioil'iig ^)iire magnesia with water, a solution is obtained which cnmixu ts 
itself in every respect like the cold-prepared solution of magnesia. A lint |)ivp;ti) d 
Solution of ni.ngnesia does not become turind upon cooling, nor docs a cold jirepared 
solution upon Imiling. 84*82 grin, of hot-prepaied solution of magnesia left U 0U16 
grm. Mg 0. I 

38. Solubility of Pure Magnesia in Solution.^ of Culokide of Putabsium 
AND CllLoUIDE OF SuUIUM (to § 74, d). 

3 flasks of equal size were charged as folh'ws : — 
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1. With 1 gnu. |)ure chloride of potassium, 200 c. c. water and some poiToctly pure 
magnesia. 

2. With 1 gnu. pure chloride of sodium, 200 c. c. water and some pure magnesia. 

;j. With 200 e. c. water and some pure magnesia. 

The contents of the g (lasKs were kept hoiling for 40 minutes, then filtered, and the 
cltiar filtrates niixetl with e<ju:il i|Uantities of a inixtun; of phosphate of soda, chloride 
of ammonium and .•utimmva. After V2 lioura a very slight iirecipitation was visible in 
0 , and a considerably larger |ireeipitation luid taken pl-acc in 1 and 2. 

31). rilECllMTATION OF Ai.UMINA UY AmMONIA, ETC. (tO § 7o, a). 

a. Ammonia produces in neutral solutions of salts of alumina or of alum, as is well 
known, a gelatinou.s' jirecipitate of hydrate of alumina. Uj>on further addition of 
ammonia in eonsi<lera.blo excess, the precij)itate red i.ssolves gradually, but ui>t com[>letely. 

1). If a drop of a dilute solution of alum is added to a copiotis amount of amnmnia, 
and the mixture .shaken, the ,s<ilution a[)j>ears almost perfectly clear ; however, after 
standing at rest for somo time, slight Hakes separate. 

c. If a solution of aJumina, mixetl with a largo amount of armnonia. is filtered, and 

a. The tiltrate boiled for a euusider.ablo time, tlakes of hydrate of alumina separate 
gradually in proportion as the exee.ss ol'amnmnia escapes. 

The filtrate mixed with solution of chloride of .'imnionium, a very jx'rceptible 
flocculent )ue(apitat.e of hydrate; of alumina separates iiiinn.'diately ; the whole of the 
hydrated alumina present in the solution will ‘thus se[)arate if tlio chloride of ammo- 
nium he added iti sufHcient «piantit.y. 

y. The filtrate mixed witli ses'piicarbonate of ammonia, the same reaetlou takes 
place as in 

The hltrate mixed with solution of chloride of sodium or chloride of potassium, 
Tie precipitate sep.arates, l»ut, after several days’ standing, slight flakes of hydrate of 
alumina suhside, owing to the loss of .•imnnuii.a by evaporation. 

(/. If a neutral solution of alumina is p,reeipit,«ted with carbonate of ammonia, or 
if a solution strongly aeidilicd with hydroeldoric or nitric arid is precipitated with 
I'urc ammonia, or if to a neutral solution a suilicient amount of chloride of ammoiiiuiu 
Is added besides tlie ammonia ; even a eonsidc'rable excess of yhe precipitaiits will fail 
tu icdissolve the precijiilated .alumin.a, .as appe.ars from the continued })erfeet clearness 
of the hitrates uptaii prutraeteil ljuiling and evaporation, 

40. PllEeilMTXTrON OF Au MINA BY StlLl'HIDE OF AMMONH'M (to § 7-^), «)■ 

{K.i'jicrhaen!^ }nntl{: hif Mr. ,T. I'l rils, funiu rlii .4 .s.o ' in tay Ld^’ivi/ory.) 

(t. Th) e. c. of a solution (»f pure .ammonia-aluu), which containe{l 0‘3'.<3P alumina, 
were mixed with nO e. e. svater an«l lo c. c. solution of sulphide of ammonium, and 
tilteivd after b ii minutes, 'I'lie ignited precipitate weighed U'3.S2'* gnu. 

!>. 'I’lie same experiment was repeated with lt>0 c. c. water ; the preciititate weighed 
0'37o!l gnu. 

The same experiment was repeated with 200 c. c. water ; the precipitate weighed 
0'3t,) 12 grm. 

41. rutx'ti’nwTTox OF SF.spi'ioxitn- of Chuomium by Ammoma (to § 70, a). 

Solutions of sesipnehloritle of ehouninm and of eliroino-alum (coucentratod and dilute, 

neutral and acidified with hydioeliloric acid) wore mi\e«l with ammonia in excos'.s. All the 
filtrates drawn olF immediately .after precipitation appeared roil. but when filtered after 
ebullition, tliey all appeareil cohudess, if the elmUititui had been sullicieiitly protracted. 

42. Solubility of the lU.sic Cakuonate of Zinc in Watek (to 77, n)- 

Perfectly pure, recently (hot) precipitated basic carbonate of zinc was gently 

he.ated with distilled w.iter, and subsequently digeste<l cold for many wrecks, with 
frequent shaking. The clear solution gave no preeiitilato with sulphide of ammonium, 
not even after lofjg standing. 

84'S2 grm. left b’OOl I grm. oxide of zinc, which corresponds id O'OOlO basic car- 
bonate of zinc (74 per cent, of Zn () being assumed in this salt). One part of the basic 
carbonate re(piires therefore 4 lo42 parts of w.itt‘r for solution. 

In Each of the tiikee following numbkk.s thk. sui.bhioe was rREciriTATEO from 
the solution of the neutral salt with addition of chloride of amnnnfium by yellow sul- 
pfiide of ammonium, and allowed to stand in a closed vessel. Alter 24 hours the 
clear fluid wa.s j>oured on to 0 fdtera of equal sizi^, and the preei[>itate was tlieu 
equally distributed aru(*ng tlieni. The washing w’as at once commenced aud continued, 
'viUiout interruption, the following fluids'^joiiig use«l : — • 
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I. Pare water. 

II. Water containing sulphuretted hydrogen. 

III. Water containing sulphiile of ammonium. 

IV. Water containing chloride of ammonium, afterwards pure water. 

V. Water containing sulphuretted hydrogen and chloride of ainmoniuin, afterwards 

water containing sulphuretted hydrogen. 

YI. Water containing sulphide of ammonium and chlofidu of ammonium, after- 
wards water containing sulphide of ainmoniuin. 

43. Deportment op Sulphide of Zinc on Washing (to § 77, c). 

The filtrates were at first colorles.s and clear. On washing, the first throe filli'.itcs 
ran through turbid, the turbidity was strongest in II. and weakest in III. ; the last 
three remained quite clear. On adtling sulphide of ammonium no change took place ; 
the turbidity of the first three wa.s not increased, the clearne.s.s of the last three was not 
impaired. Chloride of ammonium therefore decidedly exerci.se.s a favorable action, and 
the water containing it may be displaced by water containing sulphide of ainmoniuin. 

44. Deportment of Sulphide of Manganese on Washing (to § 7S, c). 

The filtrates were at first clear and colorle.ss. But after the washing hail been 
continued some time, T. appeared colorless, slightly opalescent ; II. whitish and lurhid ; 
111. yellowish and turbid; IV. colorless, slightly turbid; V'’. slightly yellowish, nearly 
clear; VI. clear, yellowish. To obtain a filtrate that remain.s clear, therefore, the 
wash-water must at first contain chlondo of ammonium. Addition of suljihide of 
ammonium also cannot be dispcn.sed w'itli, as all the filtrates obtained witlioiit this 
addition gave distinct precipitates of sulphide of manganese when the reagent was 
siihsequently added to them. 

4.*). Deportment of Sulphide .9f Nickel (alSo of Sulphide of ('ohalt and 
Sulphide of Iron) on Washing (to § 7lh r). 

In the exporirnonts with sulphide of nickel the clear filtrates were )>ut aside, ;ind 
then the w-ashing wa.s proceeded with. The wa.shings of the first 3 ran through turbid, 
of the last 3 clear. When the wa.shing was finished, 1. w.is colorless and clear ; II. 
blackish and clear ; HI. dirty yellow and clear ; IV. colorless and clear ; \’. .^lightly 
opalescent; VI. sli<:hlly brownish .ami oj>:de.scent. On a<hlition of sulphiile of ammoniinn, 
L heeaine hnnvn ; II. remained unaltered ; 1 1 1, remained unaltered ; J \’. became black 
and oparpie ; V. became brown and clear ; VI. became pure yellow and clear. 

Sulphide of cobalt and sulphide of iron behaved in an ex.'u l.ly simil.ir manner. It 
is pilain that the.se sulphide.s oxidize more rapidly when tin; wash-water eontaiiis 
chloride of ammonium, unless sulphide of ammonium is also present, lienee it 
i.s nece.ss.ary to wash with a fluiil eoiiUiitiing sulphide of ammonium ; and thi; addition 
of chloride of ammonium .at first is imich to be reeommimded, as this diminishes 
tlie likelihood of our obtaining a muddy filtrate. 

43. Dkimutment of Hydrate of I^roto.xidk of Cohai.t phecipit.vted by Al- 
kali em (to g SO, a). 

A solution of protochloride of cobalt was precipitated boiling with solution of soda, 
aufl the nrecipilate w.oshed with boiling water until the liltrato gave no longei’ the 
least indication of presence of chlorine. The dried and ignited residue, healed with 
water, rnanifested no alk.aline react ion. It w.as reduced by ignition in liydrogf u gas, .and 
the metallic cobalt digested hot with water. Thedeeantml water manifested no alk.aline 
J . -action, even after considerable concentration ; but tin; mef.-dlie coh.-dt, brnnght into 
ctanhact, moi.st, with turmeric paper, iniparte<l to the latter a strong brown color. 

47. Solubility of Carbonate of Lead (to § 83, a), 
a. In pure Water. 

Recently precipitated .and thoroughly washed pure carbonate of lead was dige.stcd 
for 8 days with water at the coimmui temperature, with frequent shaking. 8 l 
grrn. of the filtrate were evaporated, with addition of some pure sulphuric Bcidj the 
residuary sulphato of lead weighed O'OOll) grm., which eorresjionds to 01)0137 car- 
bonate of lead. One j)art of the latter salt dissolves therefnre in AO.'i.'il parts of watei. 
I'he solution, mixed with sulphuretted hydrogen water, remained perfectly coloi less, 
not the least tint being detected in it, even upon looking tbrougli it from the top 
of the test- cylinder. 
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h. Ill Wafer confaininf/ a little Acetate of Ammonia and also Carbonate of 
Ammonia and Ammonia. 

A solution of pure acetate of lead was mixed with carbonate of am- 

monia and ammonia in excess, and tlio mixture gently heated and then allowed to 
stand at rest for several days. 84 *‘12 grin, of the filtrate left, upon evaporation with 
a little sulphuric acid, 0‘0041 grm. sulphate of lead, which corres|)on(ls to ()*003t>of the 
carbonate. One })art of ^lo latter salt requires accordingly 23 t.'iO parts of the above 
flni<l for solution. The solution was mixed with sulphuretted hydrogen water ; when 
looking through the fluid from the top of the test-cylinder, a distinct coloration was 
visible ; but when looking through the cylinder laterally, this coloration was hardly 
jteroeptilile. Traces of sidphide of lead separated after the lapse of some time. 

C. In Water containing a large prttport ion of Nitrate of Ammonia^ together xcith 
Carbonate of Ammonia and Caustic Ammonia. 

A highly dilute solution of acetate of lead was mixed with nitric acid, then with 
carhonate of ammonia and ammonia in excess ; the mixture was gently heated, and 
allowed to stand at rest for 8 days. The filtrate, mixed with sulphuretted hydrogen, 
cxhiliilctl a very distinct brownish color upon looking through it from the top of 
the cylinder ; but this color appeared very slight only when looking through the 
cvTii'ler laterally. The amount of lead dissolved was unque.stionably more consider- 
able than in h. 

48. vSoi.uniMTY OF O.XALATE OF Lead (to § S3, b). 

A dilute solution of acetate of lead was precipitated with oxalate of ammonia and 
anmionia, the mixture allowed to staml at rest for some time, and then filtered. 
Thfi filtrate, mixed with sul[»hurettod liy<lrogen, comported itself exactly’^ like the 
filtrate of No. 47, b. The same deportment was obscrve<l in another similar experi- 
ment, in whicli nitrate of ammoniji had been ad^ed to the solution. 

4f). SoLuiuMTY OF Sulphate of Lead in Pure Water (to S3, d). 

Tlioroughly washed and still moist sul)>hate of lead was dipsted for 5 days with 
writer, at 1 0 - 1.')*", w'ith frequent shaking. 84*42 grin, of thiT tilt rate (filtered off at 
11' ) left 0 0037 gnu. sul|»hab> of lead. Consequently 1 part of this salt requires 
22^10 paits of pure water <>f \ \° for solution. 

The solution, mixe<l with sulphnrettid hydrogen, exhihitud a distinct brown color 
when viewed from the top of the cylinder, but this color appeared ver,y slight upoti 
looking through the cylinder laterally. 

no. Solubility of Sui-piiate of Leati in Water containing Sulphuric Acid 

(b'^S3, d). 

A highly dilute solution of aeetato of lead was mixed with an excess of dilute 
pure suljihuric acid ; the mixture was very gently heated, and the preeijdtate allowed 
soveral days to subside, 8iP31 grm. of the tiltrate left 0 002*2 grm. sulphate of lead. 
One part of this salt dissolves tlierefore in 30004 parts of water containing sulphuric 
aei.l. Tin; solution, mixed witli sulphuretted hydrogen, appeared colorless to the eye 
looking througdi the cylinder laterally, and very little darker when viewed from tlie 
top of the cylinder, 

m. Solubility of Suiphate of Lead in Water containing Ammoniacal Salts 
AND I'BEE Sulphuric Acid (to 83, d). 

A highly dilute solution of acetate of lead was mixed with a tolerably large amount ^ 
nilnite of ammonia, and sniphurie acid in excess added. After several days standing, 
the mixture was tillered. Tlie filtrate was nearly inditfeivnt to sulphuretted hydrogen 
water ; viewed fiDiii the ‘top of the eyliiuier, it looked hardly perceptibly darker than 
pure water. 

« 

52. Deportment of Sulphate of Lead upon Ignition (to 83, d). 

Speaking of the determination of the atomic weight of sulphur, Lrdmann and 
Maruhand* state that sulphate •of lead loses some sulphurio acid upon ignition. 
In order to inform inysolf of the extent of this loss, and to asc<;rtafn how far it might 
impair the accuracy of the method of determining lead a.s a sulphate, 1 heated 2*2151 
gnu. of absolutely pure Pb 0, SOg to the most intense redness, over a spirit-lamp 

• Joiirn. fiir prRkt. fhem. 31,385. 
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with (loublo (Iraucfht. T could not perceive the slightest decrease of weight ; at all 
events, the loss did not amount to O'OOOl jjrin. 


63. Deportment op Sulphioe of Lead on Drying at 100° (to § 83, /). 

Sulphide of lead was precipitated from a .solution of pure acetate of lead witli sul 
phuretted hydrogen, and wlien dry, kept for a consider.ahle time at 100'' and wei'died 
occaaionally. The following numhers represent the results of the several wei'di- 
inga 

I, 0-8154. 11. 0-8161. ITT. 0-8313. IV. 0-8460. V. 0S64. 


54. Deportmfnt of Metali.ic Mkrcuuy at thk Common Tfmi'kkatfrf. and ui-ox 
Ebullition with Water (to § 84, «). 

To ascertain in what manner Io.s.s of metallic mercury occurs iijum tlrying, and like- 
wise upon hoiling with water, and to determine which i.s the best method of drying, 
I made the following experiments : — 

T treated 6-4418 gnu. of ]>erl'ectly jmre mercury in a wateh-glass, with distilhd 
w’ater, remove<l the water again a.s far as practicabh: (by decantation and finallv l>v 
means of blotting-paj^er), and weighed. I m>w had 6-44 1‘2 gnn. Alter several hours’ 
exposure to the air, the mercury wa.s reduoe<l to 6-4411. 1 plaianl these 6'4111 ^nn. 

under a l)oll jar ovir .sulphuric acid, the temperature being about 17'k Afni’ tiie 
lapse of 24 hi>urs the weight had not altered in the l'‘a<t. 1 intiodiieed the 6-44 1 1 gnu, 

mercury iuto a flask, treated it with a c</piouS (piantily of distilled watei', and hoiloii Idr 
1.5 minutes violently, 1 (hen placed the mereury again upon the wateh-glass, drieii it 
most carefully with blotting-paper, and weighed. 'I'he weight was now (i-44U2 gnu. 
Finding that a trace of mercuiy bad ailliereil to tlu^ paper, 1 repeated the same t xperi- 
incnt with the 6-4102 grm. After 15 minutes’ boiling vvitli water, (he iin reury hail 
again lost 0-(l(i04 grm. The rem.aining 6-43'JS grm. were exposed to the .air fur tl 
days tin summer, during very hot weather), after wiiieh they were found to have 
lust only O’UOOn grm. 

55. Dl i’oHTMK.NT OF SULPHIDK OF MfRCI'UY WITH SOLUTION' OF PoTASSA, SULl’llinK 
OF Ammonium, etc. (to jj 84, c). 

a. If recently precipitated pure suljihidc; of mereury is luiiUsl witli p>ire solution of 
jiotassa. not a trace of it di.s.solves in thatHuid ; hydrochloric ueid ju oduces no precipi- 
tate, nor even the h-ast coloration, in the filtrate. 

’ h. If sulph’de of mercury is boiled with solution of potassa, with .addition of some 
sulphuretted hydrogen water, sulphide of ammonium, or sulphur, comj»lete solution is 
elleeted. 

C, If freshly precipitated sulphide of mercury is digested in the cold with yellowisli 
or very yellow sulphide «)f ammonium, slight, hut <lisliuctly peiaaptilile tr.aees are 
dissolved, while in the case of hot digestion, scarcely any traces of mereury can he 
detected in the solution.* 

d. Thoroughly washed sulpliiile of menMiry, moistened with water, .sutlers no altera- 
tion ujMjn exposure to tlie air ; at le.a.st, the Huid which 1 obtained by wasliing sul|diide 
of mercury wliieli li.'id l)een thus expo.sed for 24 hours, did not manifest acid reaction, 
nor dill it contain mercury or sulphuric acid. 


56. Dei’ortment of Oxide of Copfer upon Ignition (to § 8.5, b). 

Pure oxide of copper (jircpared from nitrate of copjier) was ignited In a platinum 
crucible, Ibcn ctioled umler a bell jar over sulphuric acid, utkI fnially w eighed. The 
weight was 3-542 grm. The oxide was then most intensely ignited for 5 minuti .s. 
Over a P.ERZKLIUh’ lamp, and weighed a.s before, when the weight was found unaltered; 
the oxide was then once more ignited for 5 minutes, but with the same result. 


57. Deportment of Oxide of Oopper in the Air (to § 85, h). 

A ]ilatinuin crucible eont.aining 4*3021 grm. of gently ignited oxide of copper (pre- 
pared from the nitrate) stood for 10 minutes, coveretl with the lid, in a wuirm 
room (in winter) ; the weiglit of the oxide of oo[>por was found to have increased to 
4-303i> grm, ^ , 

Tlie oxido of topper was then intensely ignited over a Hjiirit lamp ; after 16 
minutes’ sfamling in (he cmered cnicilde, the weight liad not perceptibly increased , 
after 24 hours it liad increased by (.)-0036 grm. 


• Comp, my experinu-uta In the ZOtBcbrlft f. Ariul. Chom. 3, 1-40. 
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58. Dkpoutment of Sulphide of Blsmuth upon dkyino at 100® (to § 80, e). 

ClO-OS grm. of sulpliido of bismutli prepared in the wet way were placed in the 
desiccator on a watch glass and allowed to stand at the common temperature. After 3 
hours the weight was 0*4270, after (5 hours 0‘-42.o8, after 2 days the same. 

0*‘0)02 grm. of the stdjdude of bismuth so dried was put into a water-bath, in 15 
minutes it weighed O'd.^Ui, half an hour afterwards 0-3509, in half an hour more 
0'3003, in two hours 0*3026. In a second experiment the drying was kept up for 4 
days, ami a continual increase of weight was ob.served. 

0-5081 grm. of sulphide of bismuth tlried in the desiccator was heated in a boat in a 
stream of carbonic acid. After gentle ignition the weight was 0-5002, after repeated 
heating 0-1992. The sulphide of bi.smuth was visibly volatilize<l on ignition in the 
current of carbonic acid. 

59. Depoutment op Sulphide of C.\dmium with Ammonia, etc. (to § 87, ('). 

Ilecontly prcciintated pure sulphide of cadmium was dilTased through water, and the 
following experiments were made with the mixture. 

a. A jmrtion was digested cold with ammonia in excess, and filtei'cd. The filtrate 
remained perfectly clear upon addition of hy<lrochloric acid. 

h. Another portion was digcsteil hot with excess of ammonia, and filtered. This filLnUe 
likewise remained peifeetly clear u])on .addition of hydrochloric acid. 

c. Another i)ortion was digested for some time with solution of cyanide of potas- 
sium, and filtered, 'riiis liltrate also remained perfectly clear up(>n adtlitiou of hydro- 
chloric acid. 

H. Another portion was digested with hydrosnlphate of sulphide of ammonium, and 
filtered. The turbidity which hydrochloiic acid imparted to this filtrate was pure 
white. ’ 

(A remark made by Wackentioder, in iicouNEu’s Repertor. d. Phanii., xlvi. 226, 
induced mo to make the.se ex[>eiimonts.) 

60. Df.poutment of Precipitated Ter, sulphide of Antimony on drying (to 
§ 90, a). 

0-2899 grm. of jmre precipitated tersulphide of antimony dried in the desiccator lo.st, 
when dried at 100", 0 - 0007 . 

0*44.57 grm. of the substance dried at 100“ lost, when heated to hlackening iu a 
stream of c.irbonic acid, 0*0011 water. 

0 1932 grm. of the substance tlrital at lOO® gave up O'OOIS, when heatetl to blacken- 
ing in a stream of carbonic acid, and after stronger lieaving^ during which fume.s of 
sulphide of antimony began to escape, the total h»ss amounted to 0 0o22 grm. 

0-1670 grm. ttf the substance dried at lOO® lost 0*0005 grm. on being heated to 
blackening in a streatn of carbonic acid. 

01. Amount of Water in Hydrated Silicic Acid {to § 93, 9). 

{E.cpcrlmcnfs vimh hy my assistant, } fr . Lippf.rt.) 

A dilute solution of soluble glass w.as slowly dropped into hydrochloric acid, .as long 
•as the precipitate continued to <li.s, solve rapidly, then the clear fluid was heated in the 
watcr-hath, till it set to a transjiarcnt jelly. T'his jelly was dried as far as ]).t.ssib^ 
with blotting paper, diffused in W'ater, and washed by deeautation till the fluid 
gother ceased to give the chlorine re.action. It wa.s then transferred to a filter, and 
the latter sprcaA on blotting paper and exposed till a crumbly mass was left from die 
si)ontaneous ovjiporation of water. One half (I.) was dried f5)r 8 weeks in the 
desiccator over sulphuric .acul, with occasii»nal trituration, the othi r ifalf (II.) was dried 
under similar circumstances, but in a vacuum. Both were transferred to closed tubes 
and these were ke})t in the «lesiccator. 

The weighing of tlm substance^ drUul ;vt 160“ w'as efl'ected between watch glas.ses. 
For the purpose of igniting the re.sidiie, it w*.a.s allow’ed to H.atiate iiself with aqueous 
vapor by exposure to the air, otherwise a considerablo quantity of the substance would 
have been lost, then water was dropped upon it in the watch glass, then it was rinsed 
into a platinum crucible, dried iu a wator-batli, and ignited, at first cautiously, 
towards the end, iuteusely. 
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EXPERIMENTS. 


The substance I. contained 

Water, escaping at or below 100' 
,, ,, above 100° . . 

Silicic acid 


Expt. 1. 

Expt. 2. 

. 4*19 

. 4*70 

j 9*28 

. 91*05 

90*72 

100*00 

100-00 


Consequently the hydrate dried at 100° consists of 4*97 wat^r and 9.^ -03 silicic acid. 
In the substance dried in the desiccator the oxygen of the total water : tlie oxy^ren 
of the silicic acid, according to the first experiment ; : 1 : 6-1, according to the s.s.ind 
experiment : : 1 : 5 SO. And in the substance dried at 100° the oxygen of the 
water ; the oxygen of the silicic acid : ; 1 : 11*5. 

The substance II. contained 

Water, escaping at or below 100° 

,, „ above 100° 

Silicic acid 

lOO’OO 100-00 100-00 


Expt, 1. Expt. 2. 

4- 75 4-71 

5- 20 5-21 

89-99 90-08 


Expt. -3. 

9-95 

90-05 


Consequently the hydrate dried at 100° consists on the average of o'lO water and 
94-51 silicic acid. In the substance dried in a vacuum over sulphuric acid the oxygen 
of the total water : the oxygen of the silicic acid-on an average : : 1 : 5-41. And 
in the substance dried at 100° the oxygen of the water : the oxyg^en of tlic sihcic 
acid : : 1 : 10-43. 


62. Determination of Baryta by Precipitation with Carbon.vte 91- 
Ammonia (to 101, 2, a). 

0-7553 grm. pure ignited chloride of b.arium precipitated after § 101, 2, a, gave 
0*7142 BaO, C Oj, whieh corresponds to 0-'i54719 Pa 0 --73’44 ])rr cent, (loO parts uf 
Ba Cl ought to have given 73-59 parts). Tlie result accordingly was 99-79 instead 
of 100. 

63. Determination of Baryta in Organic Salts (to § 101, 2, h ). 

0-686 grm, racemate of liaryta (2 BaO, C^II^O,„ + 5aq.) treated according to § KU 
2, h, gave 0-408 carbonate of baryta -0-3109 Ba 0-= 46-20 per cent, (calculated 40 68 
pcA- cent.) ic.f 99 -61 instead of 100. 

64. Determination Strontia as Sulphate of Strontia (to ^ 102, 1, a). 

a. An aqueous solution of 1-2398 grm. Sr Cl was precipitated with sulphuric acid in 

excess and the preci[»itat*e*l sulpliate of strontia washed with water. It weighed 
1*4113, which corresponds to 0-795 108 Sr 0 -^64-15 percent, (calculated 65*88 per 
cent.) ; i.e., 98*12 instead oflOO. _ • , .1 w 

b. 1*1510 grm. Sr 0, C 0^ was di.s.s(>lved in excess of hydrochloric acul, the solution 

diluterl and then precipitated with sul|»huiic acid ; the precipitated Sr 0, S O3 was 
w-ashedwith water; it weighed 1*4024 0-79039 Sr 0-68-68 percent, (calculated 

70 07 per cent.); i.e., 98-02 instead of 100. 


65. Determination of Strontia ah Sulphate, with Correction (to § 102, 1 
'T\wjiUrate obtained in No. 64, h, weighed 190 84 grm. Ai 


irding to experiment 
■ ' ■ of 


No 2‘> 11862 parts of water containing sulidiuric acid dissolve 1 part of sulphale of 
Btfintia; therefore, 190*84 grm. dissolve 0*0161 grm. The vcusA/iiy. weighed 03-(>l 
grm. According to experiment No. 21, 6895 parts of water dissolve 1 part ol 
Sr 6, S O, ; therefore, 63*61 grm. dissolve 0 *0092 grm. , 

Adding 0*0161 and 0*0092 to the 1*1024 .actually obtained, we findilie total amount 
= 1*4277 grm., wljich corresponds Uj 0*80465 Sr 0 -69-91 per cent, m Sr O, C 
(calculated 70 07 per cent.) ; i.c., 99*77 instead of lOO. 

66. Determination of Strontia as Carbonate of Strontia (to ii 102, 2). 

1*3104 grm. chloride of strontium, precipit.ated according to § 102, 2, gave 1*2204 
Sr 0, C O3, containing 0*8551831 Sr 0 = 65*26 per cent, (calculated o5*38), i.e., JJ b- 
instcad of 100. 

In the four following experiments, and also in No. 72, pure air-dried ^arbo- 
nate of lime was used, in a portion of whic‘* the** amount of anhydrous carbonate had been 








